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Ihia  aitad^  was  dona  to  provide  tite  08  Any  with  the  basis  for  a 
standardised  prograa  package  for  use  witii  han^heidr  programaable  oalcii- 
lators.  Ihe  prograns  are  written  and  piidished  in  a  forwet  idiidi  is 
iaunediately  uaei^e  with  the  Ibsas  mstzunents  Prograaiaiahle  59  Calcula- 
tot,  but  which  can  easily  be  adapted  for  use  wii^  oUier  progranaMhle 
calculators.  Other  S^artnent  of  Defense  agencies  nay  also  find  then 
valuable  in  training  and  operational  efforts.  The  studtj^  Inclndes  a 
general  overview  of  the  history  of  the  Topographical  Bnginaers. 


Hw  as  Anoy  and  othtr  Dapartaent  of  Daf enae  agenciaa  hava  in  tiialr 
Invantorlaa  aaveiral  typaa  of  hanfrteld,  pcograuRable  calculator  parti¬ 
cularly  tfaa  Tbxas  matrawnta  59  ,(II-59)..  lhara  axiata  no  padcaga  of 
atandardiaad  pcograna  for  'uaa  in  ^  raduction  of  topographic  data. 

Bach  uaing  agency  haa  put  togathar  a  faw  pcograae  whidi  o  of  local 
Japort. 

Diacuaaiona  ware  held  with  peraonnel  of  the  171at  Btginear  Datadk- 
amnt  (IQFO  (INIEU  which  la  part  of  the  TS  Aray  Foroaa  Goanaand  at  Port 
HcPhetaonr  Georgia  and  with  ataff  neadbara  at  die  Dtfanaa  Mapping  School 
(DHS)  located  at  Fort  Balvoir,  Virginia.  Iheaa  diacuaaiona  indicate  a 
need  for  a  atandardiaad  package  of  data  raduction  pcograaM  which  can  be 
uaad  in  the  inatruction  of  atudanta  of  topographic  coaiputing  and  ty  the 
operational  topographic  ooaqputar  in  the  field.  Moat  topographic  cob- 
putara  are  aaaigned  to  unlta  engaged  in  the  collection  of  aurvqr  data  in 
aopport  of  larger  unite.  Owy  do  not  have  aooeaa  to  Imiadiata  data 
prooeaaing  agulpaMnt  to  provide  the  near^real-tiaM  data  reduction  which 
ia  raqulrad  ty  field  unite.  9m  uaa  of  pre-prograimaed  dhta  reduction 
which  prcvidaa  oonaiatant  and  errw-frae  arithaatic  oaloulationa  on 
input  data  can  prevent  ooatly  d^aya  and  niatakeB. 


fhe  drta  pcoocMlng  padcage  currently  wmilable  (Staas  teatnawnti 
PrograaoulAt  59  Gklculator  with  a  Survaying  Nodule  ■  9189  f  Print/Beou- 
ri^  CradLer  PC  Iff  Serlee  ■  $159)  is  imqpenelve  enou^  to  be  readily 
anmllalde  in  quantity  for  all  units  and,  in  reality,  tbia  equipnant 
could  be  part  of  the  accountable,  but  eapendable  inventory. 


B]51!CRICKL  VIBB  OP  IDFOGRIffHiaiL  BXSlMEBiS 


A  cooqplete  histoiy  of  the  Topograiiiioal  Bngineere  in  the  DS  Any 
would  be  a  very  large  volune.  ms  study  aakes  no  attesqpt  at  ooaiplete- 
nessi  it  is  an  essay  that  tries  to  capture  and  oosoaunicate  sons  of  the 
atnoqihere  surrounding  the  evolution  of  the  Voyograthical  Engineers  fncNB 
their  beginnings  in  the  Revolutionary  War  to  its  present  aission  and 
status.  Ihe  reader  is  directed  to  the  aany  selected  referaxses  for  an 
octensive  and  detailed  history  and  an  aqpanding  bibliograply  on  the 
subject. 

I  was  a  nember  of  several  topographic  units  located  in  the  onited 
States,  Pacific  Theater,  and  Europe  during  the  years  1949  throu^  1958. 
These  units  exhibited  the  hi^jhest  degree  of  pcofessionalisa  at  all  tiaes 
and  truly  justified  a  reference  to  the  Corps  of  Engineers  in  a  letter, 
dated  5  Septeaber  1953,  froa  Major  General  Julian  L.  Sdilqr  to  the 
Historical  Division. 

insisting  on  the  correct  noaendature,  old  colonel  BJS. 

Winslow  used  to  reaind  young  officers  that  the  difference 
between  'Bigineer  Corps^  and  'Corps  of  Engineers'  was  the  saae 
as  the  difference  between  a  'beer  bottle'  and  a  'bottle  of 
beer*. 

The  first  npographioal  Bigineer  in  the  hi^ry  of  the  Dhitod 
States  was  Robert  Erskine  of  Rew  Jersqf  sho  was  appointed  Geographer  and 
surveyor  in  the  Continental  Amy  by  General  George  Washington  on  25 
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July  1777.  Ht  «M  tmiguai  ttm  task  of  Mking  akotcfaee  of  tl»  oointty. 
Be  vae  euooeoded  v^ati  hie  death  fay  Slneon  De  Witt  who  had  bean  his 
aaeietant.  IhoeMa  mtcAiine  was  also  afipoinfaed  in  the  saa«  OBBsei^  as  a 
^Saographer  of  tiw  Ohited  states  of  Aaerica.*  m  tiie  postwar  yaars 
ttwce  was  little  use  for  topograftsKS  and  tiny  becane  land  aarvayors  anf 
geographers.  Ihe  noet  significant  fact  was  that  these  sen  represented  a 
bcai^  of  engineering  which  was  different  from  that  previously  known. 
ISwy  were  set  apart  from  the  usual  nilitary  engineer.  (Geotsaunsw 
1959) . 

The  first  official  recognition  and  appolntaent  of  Topographical 
Bnglneers  for  which  I  found  a  record  happened  during  the  War  of  1812 
as  an  act  of  Congress  approved  on  3  March  1813.  Pertinent  regulations 
prescribed  their  duties  as  essentially  aiappers  involved  in  audcing  plans 
of  nilitary  positions,  auhlng  reoonnaissanoe  etches  and  notes  fox 
Intelligence  purposes,  and  exhibiting  the  positions  of  contending  amies 
on  the  fields  of  battle  (Goetzmam  1959  and  Beers  1942). 

Ihe  Tbpographical  higineers  were  disbanded  in  1815  simply  because 
no  provision  had  been  node  in  the  Congressional  Act  for  their  retention. 
TWO  topographic  officers  had  been  retained  under  other  authority  and 
were  assi^ied  to  coeplcte  the  survqr>  on  the  northern  frontier  and  Lake 
Chaaplaln.  lb  fulfill  the  need  tot  frontier  nilitary  surveys  a  (x>rps  of 
topographical  enginaers  was  estdaiahad  by  law  under  the  direchion  of 
the  Chief  of  ftigineers  on  24  JIpcil  18X8.  fhay  operated  for  note  than 
twenty  yaars  until  tiie  Arsy  Reorganisation  Act  of  5  July  1838  zsiaod 
thair  status  to  a  Corps  of  Topographical  Bngineers  at  last  eqpial  to  the 
regular  Corps  of  Biginaets  and  subset  only  to  the  control  of  the  Bacre- 
taxy  of  Mut  lOestsMMW  1959). 

During  the  period  between  1816  and  1838  tin  Topographical  Biginaars 


lad  bMn  involvad  in  larbor  mrvqvr  pina  for  condi  anfl  oiialnr  fron¬ 
tier  mu9V*,  and  aany  other  types  of  aunays  in  all  parts  of  the  Ohitad 
States.  So  nuaerooB  were  tta  dananda  rpon  their  aervinesr  that  it  was 
iapoaaible  to  fill  all  of  the  reqpiaata.  Beginning  in  1834  the  flopo- 
graphical  ftigineers  were  aegdoyed  in  connection  with  tta  conatmction  of 
li^ithouaea.  In  1836  several  Vopographloal  Bigineers  were  transferred 
to  Florida  for  service  with  the  Amy  against  the  Seninole  IMiana  (Beers 
1942). 

The  united  States  Military  Acadeny  whidi  was  establijhed  in  1882 
renalned  as  the  only  school  of  civil  engineering  in  the  united  States 
until  tile  1830s.  An  early  graduate  of  West  Pointr  Colonel  John  Janes 
Abertf  who  was  regarded  as  one  of  the  leading  geogreqphers  of  his  tiner 
was  the  director  of  the  Corps  of  Topogriqphical  Bigineers  fron  its  inoq;i- 
tion  in  1838  throu^  practically  the  oitlre  qpan  of  its  life  (1838  to 
1863,  when  it  was  merged  with  the  Corps  of  Qigineers)  (Davis  1967). 
During  that  period  sevmty^-two  officers  served  in  the  corps.  Sixty^our 
of  them  were  graduates  of  West  Point.  Ihe  topographical  officer  daring 
the  twenty  years  preceding  the  Civil  War  was  commonly  a  polished  gentle¬ 
man  and  a  sophisticated  intellectual.  This  group  of  men  which  comprised 
the  Corps  of  Topographical  Bfigineers  was  an  important  part  of  tite 
exploration  of  the  west.  Thqr  were  required  to  act  as  soldier,  diplo¬ 
mat,  scientist,  geographer,  geologist,  surv^r,  mapper,  computer,  etc. 
while  travelling  by  foot,  horsdbedc,  and  wagon.  They  were  smnt  to  areas 
of  reoognixed  ooeibat  such  as  during  the  Mexican  War.  They  helped  make 
this  country  great  and  even  thoo^  the  corps  was  short-lived,  their 
achievements  remain  as  a  monument  to  their  dedication  and  oompetanoe 
(Gtoetsmam  1966).  Some,  but  not  nearly  enough,  peaks  in  the  Mociqf 
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Nountalns  bMur  tlitir  mbm  In  tribute  to  tbtlr  oontributiomu  I  hnvu 
nlmvs  fult  tfant  if  tfan  Imdingn  on  tho  noon  bod  boon  icocntJitood  in 
tbn  Rintteonth  Gontury,  tto  guologist  who  ait  foot  tburo  would  huvu  boon 
•  nowher  of  tbo  fbpoQc^phionl  Biginoora. 

Maiv  onginoera  in  tba  OB  Any  tone  in  rank  during  tbo  Civil  War 
(Beara  1942).  Sooie  atetiatica  ara  in  ordor  to  ohoir  bow  ai^iificnnt 
tbeir  oontributlona  wara.  Of  tbo  for^^i^  off ioara  in  tbo  Oorpa  of 
Bngineera  at  the  beginning  of  tbo  war,  two.  Loo  and  Buraaugard,  bocaan 
full  gwerala,  ai^itaen  bacana  major  ganarala,  and  twelve  adiiavad  tba 
rank  of  bclgadlar-9a)aral.  Of  tbo  forty-^ivo  off  ioara  in  the  Oorpa  of 
Topographical  Bngineera,  twelve  baoama  major  ganarala  and  aix  bacana 
brigadier  ganarala.  The  moat  ronenbarad  of  tbeae,  of  oouraa,  la  Major 
General  George  Gordon  Iteade,  who  conmanded  tba  Amy  of  tba  Fotonac  and 
donated  Iiea  at  Gettysburg. 

Not  mucb  ia  writtoi  qmcifically  about  the  topographic  angineara 
after  their  merger  with  the  Corpa  of  Bngineera  in  1863,  but  they  muat 
have  beat  put  to  good  uae  becauae  there  vara  aurvqfa  to  be  done  and  napa 
to  be  made.  Many  of  the  aurveya  had  been  taken  over  by  the  CS  Coaat  and 
Geodetic  Surv^  in  the  Dape^tooit  of  Gommaroa.  Ibara  waa  a  ooiqmny  tE) 
of  the  Old  Battalion  of  Bngineera  whidi  waa  officially  deaignatad  aa  a 
topographical  company  and  aarved  in  Cuba  during  the  Spanish  American  War 
of  1898  (Dsvia  1957).  Waat  Point  continued  ita  tradition  of  aending 
only  the  higheat  ranking  cadeta  to  the  Oorpa  of  Bigineara.  A  youig 
cadet  fay  the  name  of  Oouglaa  A.  MacArthur  came  to  the  Oorpa  in  1983. 

lha  Old  Battalion  paaaed  away  in  1911  aa  Oongraaa  autboriaad  three 
battaliona  of  angineara  oonaiatlng  of  four  oompaniaa  aadu  fhaaa  angi¬ 
neara  performed  admirably  around  the  world,  notably  in  the  ihllipplnaa, 
but  the  graateat  ^aat  of  the  ara  raaudned  to  be  aooompliahad  fay  an  Aray 


BnginMxs  oolong,  Oiocgt  Wuldiigton  Qostkilif  (DBM  dam  ef  1B8B)  irtio 
Mnr  to  tbe  onqplction  of  tite  Mna  QumI  utera  othirs  had  failafl 
before. 

ihe  topogcaEtdc  engineers  aurfsoe  again  as  a  distinct  and  eiiaahle 
unit  on  16  Ray  1917  In  the  Nttlonal  Any  of  the  United  States  as  the 
29tfa  Bigineer  Regiment.  A  unit  was  so  designated  at  Ft.  DevcnSf  Haasar 
duaetts  on  2B  October  1917.  Ihe  29th  Bngineenr  Ooaqpeiqr  H,  was  among 
the  first  arrivals  in  France  with  General  Perdiing  daring  World  war  I. 
The  29th  never  functioned  as  a  regimoit,  but  sundied  battalions  and 
ooeqpenies  to  various  armies,  corps,  and  divisions  t<x  aurv^lng  and  map 
making.  One  battalion  was  used  for  flash  and  sound  ranging  for  the 
field  artillery.  After  the  var  ended  the  29th  Engineers  was  disbanded. 
On  4  July  1923  the  29th  Bigineer  Battalion  (Topograihic)  was  activated 
from  the  deactivated  17th  Engineer  Battalion  at  Fort  Buaphrqfs  Onow  Fort 
Belvoir),  Virginia. 

Their  history  was  exciting  to  say  the  least  with  assignments  to 
Nicaragua  to  aovrag  for  a  possible  new  canal  in  1929,  relief  %fork  in 
Kanagua  following  the  earthqu^  in  1931,  production  of  topogrighlc  naps 
of  New  York  City  from  1931  to  1934,  than  on  to  the  west  coast  for  tin 
next  ei^  years  napping  the  dynpic  Peninsula  and  Puget  Sound  areas  of 
Washington  State,  Battalion  headqpiarters  was  stabilised  in  Portland, 
Oregon  in  1937  where  the  unit  pioneered  the  development  and  use  of 
aerial  photofpramnetrlc  mapping. 

War  threatened  in  1939  causing  an  immediate  eqmnalon  of  the  29th 
Beginner  Topographic  Battalion  similar  to  that  in  World  War  X.  The 
greatest  wartime  task  oospleted  by  tiie  29th  Biginaers  was  the  mapi^ng  of 
the  Aleutian  chain  of  islands,  including  Attu  and  Kiaka.  Itamy  tape- 


9nii^  units  of  plstoonr  oaBSongf*  tnA  bsttsllon  slss  wort  sctlvstsd  to 
pcovldt  sucvcying  and  nafiping  pcodnets  ducing  World  War  XZ.  Host  vacs 
daactivated  InoNdlataly  foUoirlng  ttit  oaaaatlon  of  Iwatllltlas  in  1945. 

Iba  Boat  Boatilitias  Mapping  Prograai  vaa  aatabliahad  in  Oetoktac 
1945  and  assigned  to  the  29th  Biginaar  Itpograiihic  Battalion  stationad 
first  at  Mandaluyong,  Risal  on  the  outskirts  of  ManilSf  Ihilinpins 
Islands  and  later  at  Cavite,  Ihilispina  Islands.  Ate  battalion  had  been 
shipped  bo  the  Ihilippines  on  6  July  1945  to  support  the  napping 
reqpiirenents  for  the  future  operations  in  the  Pacific  Areas,  principally 
the  invasion  of  Japan.  The  Post  Hostilities  Napping  Progran  was  sue- 
oessfuUy  ooapleted  six  years  ahead  of  schedule  in  1954.  It  vas  not  an 
eacy  tine  for  the  29th  as  twoity-two  nen  lost  their  lives  to  headhunt¬ 
ers,  guerrillas,  disease,  and  accidents  during  the  nine  year  operation. 

Other  topographic  units  which  were  still  active  in  the  1959s  were 
the  64th  BN  in  Tolyo  whidi  deactivated  upon  arrival  of  the  29th  BN  f ron 
the  Philippine  Islands,  the  30th  BN  which  eventually  noved  froai  the 
Presidio  in  California  and  is  still  active  at  Fort  Belvoir,  Virginia, 
and  the  6S6th  Bngrs  which  supported  tiw  Biginaer  Intelligence  Center 
located  in  Schwetsingen-Beidelberg,  West  Gemaqy. 

More  recent  history  dhows  that  topographic  units  were  present  and 
fulfilling  their  basic  aissions  in  the  Korean  and  Vietnanese  Wars. 
IJechnological  advances  in  the  art  and  scienoe  of  data  ooUection  and 
reduction  techniques  for  geodetic  deterainations  hme  necessitated  the 
reorganisation  of  units,  redefinition  of  aissions,  and  a  Shift  of 
reeponsibilities  within  the  D^artaent  of  Defenaa.  Siaoe  1972  whan  tiia 
Defense  Napping  Agency  was  estSbliShad,  the  Topographical  ftiginaet  ooa- 
ponant  of  ttia  UB  Anqf  has  Shifted  its  ewphssis  froa  aqp^aaking  to  the 
direct  support  of  ooabat  units. 
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tkm  08  Any  Docom  GdmndL  9Ny  an  wmbum  ei  tan  aetin  anita,  ai^ 
raaetva  unita,  and  ont  national  guard  unit,  lhair  looaticna  aatand 
tlirougiwut  the  onitad  Stataa,  BanaaMf  and  Burcpa  with  aaaivBMnta  to  I 
Gorpa,  III  Oozpa,  and  tte  XVIII  Airborna  to  aantion  just  a  fair  (8aa 
Figure  n-l).  lhair  egiilpiant  ia  nodaxn  and  aCficiant  and  training 
takas  plaoe  at  Ft.  Balvoirr  Virginia.  Preaently,  thair  niaaion  is  to 
provide  terrain  analyaes,  boundary  aurveySf  estdalitfaent  ei  aifvla- 
nmtal  surv^  omtrolr  and  artillery  survaya  for  ranges  and  firing 
exerdaes.  As  uaualr  the  Topographical  Bigineers  are  at  the  forefront 
of  the  nilitaiy  posture  of  the  united  States  because  of  their  active 
participation  in  the  Rapid  OqdoyBent  Joint  Task  Force  (RD3TP). 

When  it  was  decreed  in  1863  that  the  Corps  of  Topographical  BOgineen 
would  no  longer  be  a  separate  brandt  of  the  US  Aray  and  that  it  was  to 
be  nerged  with  the  Corps  of  Bngineers,  the  Military  Aoadeey  was  the  audn 
source  of  instruction  for  Amy  topographical  officers  and  schools  were 
established  as  needed  to  provide  additional  topographical  training. 

Until  191B  topographical  officers  received  training  at  the  School  of 
Application  at  Millets  Point,  Long  Island,  Mew  York.  Hap  reproduction 
and  lithographic  schools  were  established  and  used  during  the  pKlod 
fron  1918  to  1918  at  Fort  McMalr,  Mashington,  IXC  m  1918  daring  our 
invdvenent  in  World  War  I  the  Sdwol  of  Surveying,  Map  Bqprodudion, 
and  Ranging  opuied  at  Fort  Belvoir  (known  than  as  CSnp  KK  Bunphr^S), 
Virginia  to  train  the  nuch  needed  officer  and  enlisted  personn^  in  nap 
naking  skills. 
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On  1  July  1972  ttmn  «m  fUoNd  a  anr  agncy  vltfain  tlia  tutnxtmmt  d 
DafUnaa.  ftila  agwcy  was  imiiil  tha  Digaiiat  Wupiag  Mpuy  cflaalatad 
ct  tiv  ampcmttta,  (taa  of  thMa  coapownbi  ia  tfaa  Sif anaa  MBplag 
School  (fooMtly  the  Digartaanb  of  ttgograity,  «  acaflwic  a^parlawt 
of  tha  08  Acay  ftiglmar  Sdnol)  ahich  la  tsUlly  ooaaittad  to  ycoAicliig 
hi^y  trained  and  aotlvatad  paraoonel  to  carry  on  tha  long  atandlng 
tradltlom  initiated  nary#  aawy  yaara  ago  ty  now  fnoaa  paopla  who 
aarvad  aa  topograihical  engineer  peraomal. 


(Bffm  m 

A  X4XX  Jff  1SE  GQWOOaXQMM.  nRlB 

General  George  Nadiington  once  said,  "Lnprees  on  every  nan  froei  the 
first  to  the  lowest  the  inportanoe  of  the  cause  and  whet  it  is  they  are 
contending  for.*  That  statement  is  the  basis  for  including  this  chap* 
ter. 

I  can  find  no  basic  difference  between  topographic  and  geodetic 
computing.  There  amy  be  soaie  substance  to  statemoits  about  ^geodetic* 
being  "attuned  to  scientific  research*  and  "topographic*  being  Surface 
CHT  ustf  oriented."  I  guess  that  I  would  probably  agree  to  differences 
^  I  had  not  started  my  career  as  an  Army  Topographic  Qosqputer  and 
since  becone  a  professional  geodesist.  There  ace  also  those  who  would 
hawc  us  believe  that  because  topographic  computing  is  used  for  sucvi^ 
prefects  requiring  lesser  accuracies  than  those  needed  in  geodetic 
projects^  time  and  effort  will  be  wasted  in  upgrading  topographic  data 
reduction  processes.  This  may  have  been  true  in  the  days  of  the  Padding 
madiiner*  but  certainly  not  now  with  the  availability  of  powerful,  hand¬ 
held  calculators  which  can  be  programmed  and  are  capable  of  performing 
large  iterative-type  calculations  in  a  very  diort  time. 

I  feel  that  it  is  very  iapoctant  that  anyone  idio  is  Involved  in 
topographic/gaodetic  computations  have  a  basic  understanding  of  what 
they  ace  dealing  with.  Not  only  is  this  a  great  motivational  factor. 
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but  thoM  vto  akbraUwfl  b— ic  findMotiU  eC  tte  \iithni»<ni1 

mftot*  oC  tte  MTtli  m  cC  Mklnp  wntrityMiffif  m^i  jjiprovt* 

mti  in  tbn  ovtcall  oonpifeatiaabl  tCinirt. 

9m  pcogtau  which  an  proviM  in  ite  mpwflloin  to  ttda  war  art 
oonaldacad  to  ba  gaodatie  data  ladoetionai  Ona  can  caadUy  aaa  that 
tiwy  ara  alao  aiflicabla  to  topogrifhic  caqulcwaanta.  Aaoa  pcegcana 
will  pcowida  nora  aoeurata  raaulta  thm  tha  atandacd  ooapitationB  naad 
by  tha  US  Any.  lha  raaaon  for  tiiia  inccaaaad  aocuracy  is  that  tba 
f onnlas  and  ralatad  f ona  fonwcly  naad  wata  aalaetad  foe  "hand  ooapi- 
tationa*  uaing  four  function  caloulaton  (ftldan,  Macchant,  ate.)  or 
logarithB  tablaa.  iheaa  typaa  of  oonpitatlona  caqpiin  dooad  facaaflaa 
with  two  or  three  declaial  aocuracy  in  aona  of  tha  tanu.  Caiculaton 
auch  aa  tha  Texaa  inatnnnenta  Programnabla  59  uae  twelve  aignif  leant 
digit  aocuracy  routinely  with  anazing  tpaad. 

In  order  to  easily  perf on  ooniputatlona  of  poaitiona  foe  the  aur- 
face  of  the  earth  (geoid),  we  auat  adopt  a  nathenatloal  aurfaoe  whioh 
cloaely  appeoKimates  the  actual  tfaqpe  of  the  earth  aud)  aa  a  aphara. 

The  qihere  ia  uaed  in  many  geodetic  probleaia  whidi  can  then  be  a(d.vad 
wiU)  aufficient  accuracy  by  well  known  methoda  of  apberical  trigonoaw 
tcyr  but  the  dmqpe  of  the  earth  ia  repeaaenbed  much  better  by  an  allipoe 
becauae  of  the  flattening  at  the  pdea  and  the  eqpiatorial  bulge.  Figure 
III-l  (Geodev  foe  the  Layman,  1959)  diowa  the  general  allipoe  uaed  in 
ooa^utatlona.  1b  achieve  a  thraa-^imenaional  figures  hold  tha  FF*  aacla 
and  rotate  tha  major  axla  about  it.  lha  reaultant  elllpaold  in  moat 
oaaa  will  be  very  done  to  a  aphara,  but  baoniae  V  ia  larger  ttam 
V,  it  takea  on  aoaMwhat  of  a  ahoetrpuapkin  ahapa. 

Ihere  are  many  eUipooida  in  uae  throughout  ttm  world.  Figure  XXX- 
2  (Oaodaay  for  the  Layman,  1959)  liata  aome  aauqft.aa  whioh  nay  be  faaiil- 
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lar  to  aom  coodon.  Hit  nltiaato  gool  foe  tbo  ifeiitid  itatM  lo  to 
exoato  and  gain  aoo^tanoa  of  o  vodd  gaodatic  gyataai  which  la  baaad  cn 
aatallita  data  and  will  ha  aaoful  to  all.  ngan  IZX-3  jOaoday  foe  tlia 
Ugpanf  1959)  abowa  dwpa  edatiwa  to  flattaning. 

hointa  on  the  eacth  can  be  dafinad  in  terwa  of  gaodatic  oooedinatoa 
baaad  on  aUipaoidal  computations,  lhaaa  latitudaa,  longitudaSf  and 
elevations  can  be  transfomad  to  values  on  other  ellipsoids  oe  the 
actual  earth  (geoid)  when  aufficiant  relativity  of  the  aysteotf  is  known. 

Figure  III-4  (Basic  Geodesy,  1977)  shows  the  relatlonahip  of  the 
three  iaportant  aurfaoas  that  have  been  diacuaead. 
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Hough  (1956) 

6,378,270 

1/297 

KraaaoHBlv  (1940) 

6,378,245 

1/298 

international  (1924) 

6,378,388 

1/297 

Oarte  (1866) 

6,378,206 

1/295 

aarke  (1880) 

6,378,249 

1/293 

Everest  (1830) 

6,377,276 

1/300 

Besael  (1841) 

6,377,397 
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Behaert  (1907) 

6,378,200 
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Actually,  things  are  quit#  complicated.  When  we  talk  about 
a  pear<shape  or  an  ellipsoid,  we  obviously  do  not  mean  the  shape 
produced  by  the  mountains  and  valleys,  the  topography.  Since  we 
can  measure  the  elevations  of  places  above  sea  level  (this  Is 
what  Is  recorded  on  topographic  maps),  we  can  discount  them  and 
Inquire  Into  the  shape  of  what  Is  left:  that  Is.  the  sea-level 
surface  Itself,  as  If  It  were  extended  from  the  sea  shore  Into 
the  land  areas  without  those  elevations  above  It.  This  sea-level 
surface  Is  also  called  the  GEOID.  The  shape  of  the  geold  Is  what 
we  mean  by  the  Figure  of  the  Earth. 

We  have  found  from  many  measurements  that  the  shape  of  this 
geold  Is  very  Irregular  as  compared  with  an  ellipsoid,  and  we 
describe  these  Irregularities  by  the  distances  from  the  much 
smoother  ellipsoid.  These  distances  are  called  CEOIOAL  HEIGHTS. 

Thus  we  distinguish  three  surfaces:  the  topography,  the 
geold.  and  the  ellipsoid.  Topographic  maps  give. the  elevations 


CSffQR  IV 

GBOSAL  INFCXttflfflCII  nCDT  IBE  HOaOMiffilf 
GKXSLKIOR  KD  ASSOOKOD  HOKES 

Today's  hand-held  calculators  are  the  result  of  a  long  line  of 
ingenious  nethods  invented  ty  nan  to  aiake  life's  sMthesatical  tasks 
easier.  Ihis  is  viewed  in  two  wayst  The  ^ype-A"  individual  sees  the 
latest  invention  as  an  aid  to  his  acoompliBhing  iiore  than  ever  hy  work¬ 
ing  extra  hours  while  the  '^ype-Bf  perceives  all  ldx>r-saving  devices  as 
a  way  to  get  his  work  done  with  less  effort  and  to  provide  hin  with  aiore 
leisure  tiaie.  TP  EkCH  ms  MIL 

We  now  have  hand-held  calailators  available  whidi  have  program- 
ability  and  an  optional  printing  capability.  One  of  these  is  the  Texas 
Ihstruments  Programinable  59  (hereafter  referred  to  as  the  ^■^*)  with 
the  optional  Texas  Znstruaients  Print/Security  Cradler  PC-10IA  (hereafter 
referred  to  as  the  "Printer'^  and  is  the  subject  of  this  discussion. 

It  is  not  xy  intmtion  to  provide  ooeiplete  descriptions  of  the 
equipment  and  its  capabilities.  I  do  wiah  to  ixpart  some  general  infor¬ 
mation  and  thoi  refer  you  to  the  manuals  which  are  provided  with  eadi 
prograamiable  calculator  and  optional  attadxaents.  It  is  imperative  that 
these  manuals  be  read  and  studied  and  that  their  instructions  for  the 
use,  care,  and  maintenance  of  the  equipment  are  strictly  aAered  to  in 
every  instance  Taking  the  utmost  care  with  electronic  equipment  will 
lead  to  longer  equipment  life  and  fewer  maintenanoe  prchlems  klong  ttm 
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way. 

I  presune  that  aadi  Tl-59  calculator  purciiaaed  fcy  the  08  Anay  will 
include  the  pcocureaient  of  the  qptlonal  Printer.  The  calculators  and 
printers  piirings  are  interdtangedale  for  operational  use  whidi  will 
mhanoe  ^rect  exchange”  procedures  in  the  supply  duumels.  As  I  noted 
earlier  in  this  studyr  initial  unit  cost  is  very  Ineiqpensive  and  care 
must  be  taken  when  maintenance  versus  replacemoit  decisions  are  made. 
Repair  estimates  and  minimum  repair  charges  when  cocpled  widi  handling 
and  shipping  costs#  soon  exceed  replacement  value.  Down-time  or  the 
period  of  time  when  the  unit  is  below  minimum  stock  levels  may  make 
r^lacement  of  the  item  more  attractive  or  necessary* 

Tlexas  Instruments  Incorporated  features  pre-programmed  modules  oonr 
talning  programs  which  may  be  of  interest  to  some  users.  Bach  calcular 
tor  is  sold  with  the  Master  Library  module  already  inserted  in  the  back 
and  a  Master  Library  Manual  is  also  included. 

One  can  now  imagine  the  power  of  the  TI-59  whan  considering  that  it 
can  be  used  as  a  potait  calculator  for  problems  which  do  not  require 
programs  and  storage#  or  with  programs  stored  on  magnetic  cards#  or  with 
pre-recorded  programs  on  modules.  Ro  matter  how  one  chooses  to  eaploy 
the  calculator  there  is  also  the  option  of  using  the  Printer  to  provide 
a  hard  copy  of  all  calculations  for  permanent  records  or  for  ease  in 
checking  the  results. 

Ihe  11-59  can  be  operated  by  a  battery  pack  idiich  is  rechargeable, 
ihe  charger  unit  also  allows  the  use  of  Ilf  Volt  AC  to  pomox  the  oalou- 
labor.  Mhan  ttm  calculator  is  attechad  to  the  Printer#  there  is  the 
disadvantage  of  requiring  119  Vblt  AC  for  a  power  aouroe.  I  have  oonfi- 
danoe  thst  this  pcoblam  will  be  overooM  by  Thaaa  finstruments  moorpo- 
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rated  becauae  other  mmataetann,  a^g.  Bewlett  Mekaid  Xnoocporatadr 
have  alraad|]f  dona  ao. 

I  oonaidar  tiie  Algrimlc  Oiparating  QrrteK  (ROB)  aaad  tf  Vnas 
inetniMRta  Ihooipc«atad  in  tiiair  oelenlabor  to  ha  a  diatinct  adrantaga 
to  th»  ualng  ooennunlty.  Hiia  la  tha  aoca  cwraon  aathod  o£  entry  tot 
calculators  uaad  throughout  the  United  Btatear  pcadndea  one  nora  laan^’ 
ing  aqpect  for  IndividualSr  and  is  nora  ooapatlbla  with  (die  nathods  uaad 
in  hand  computations. 

The  calculator  is  equipped  with  controls  over  tiia  Printer.  Biosa 
Inputr  outputr  or  internediata  values  for  which  hard  oo|y  is  desired 
will  be  printed  on  comnand  from  within  the  pcograa.  Ae  Printer  can 
output  both  alpha  messages  and  numeric  values  which  can  be  quite  useful 
in  providing  '^ompts*  for  operator  input  or  for  labelling  input* 
output,  or  intermediate  data. 

Note  that  there  are  convenient  ways  to  program  data  reduction 
ablutions  in  the  TI-59  which  will  provide  useful  output  to  the  user  when 
the  n-SB  is  used  alone  or  with  the  optional  printer  attadied.  the  use 
of  an  output  subroutine  provides  for  the  insertion  or  deletion  of  a 
critical  command  in  a  single  location  to  provide  visual  or  hard 

copy  output  of  data  to  the  user. 

Ihis  means  that  when  the  printer  is  attached  and  the  ^KJIT  oommand 
is  absent,  data  will  be  printed  and  calculations  will  continue  uninter¬ 
rupted  until  additional  irput  ty  the  user  is  required.  It  also  means 
that  when  the  calculator  is  detached  from  the  printer  and  the  'MBT 
oommand  is  present,  data  will  be  diaplqped  for  recording  by  the  ua«:  and 
calculations  will  continue  only  upon  the  nnamiend. 

All  programs  can  be  initialised  by  depressing  the  V  Iny  on  the 
calculator.  Bsoqptions  to  this  rule  should  be  allowed  to  an  esperlenoad 
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opentoc  who  does  not  rwqaice  mm  parts  of  tha  progran  anoh  aa  pcintad 
inatructiona  to  parfMa  tha  oalculationa.  Bom  oparaton  Mr  «1A  to 
drop  parts  of  tha  pcoaidad  pcograauif  calabal  auhrouttnaa,  pcoalda  oacdl> 
tlonal  tranafera  within  tha  pcograof  or  rqpcograa  tha  oalculationa  to 
ault  thair  operational  puxpoaaa.  CSra  auat  ba  takan  that  aqr  aodif  ioar 
tioM  do  not  destroy  the  validity  and/or  oonaiatmcy  of  tha  eaiating 
pcogrM. 

Pcograaaing  can  be  fm,  eacitlngf  and  rewarding.  X  hope  that  this 
stud/  effort  will  act  aa  a  stianilus  to  all  potential  oaera  whidi  will 
cause  further  studies  and  pcograaming  efforts  in  this  area.  Each  ippco' 
prlata  level  headquarters  should  detendne  thair  Mecif  ic  raquixenants 
and  pcogran  needs  whidi  could  thoi  be  modularised  ty  die  manufacturer. 
Cards  can  be  used  aa  the  interim  solution  but  should  not  be  depended 
vpon  during  periods  of  near**real-tiM  requirements. 

For  information  ooncseming  the  Texas  Instruments  hardware  and  aof tr 

ware  the  following  address  and  telephone  numbers  are  providedt 

Tesas  Instnmmnts  inoorporated 
P.O.  Boa  S3 
Lubbock^  Tesas  79418 

Toll'-f ree  (except  Texas)  t  800~8S8-18f2 
(Texas) I  888-692-1353 
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VS  Any  Corps  of  Engineers.  29th  Bnglneer  Battalion  (Base  DiopograililcO. 
nntt  Hlatorv.  2B  Oct  1917  -  36  Jim  1965.  Oilt  History,  1965. 

(CBK8  5B2-29  1965) 


US  Any  Corps  of  Engineers.  3Bth  Bngineer  Bose  DOpographle  Battalion. 
Dhe  Contour.  Unit  History,  1949.  (CBES  582-3B  1949) 

US  Any  Corps  of  Biglneers.  154Bth  Base  Survey  Coaqpany. 

Unlt  History,  1945.  (CBXS  5B1-154B  1945) 

US  Any  Corps  of  Engineers.  1542nd  Engineer  SUrvqr  Oonpany. 

Baricgfjhta-  (biit  History,  1945.  (CBXS  5Hl-15tt  1945) 

US  Any  Corps  of  Bngineers.  2775th  Base  Ihotoeucping  Cospaiy.  On: 
Mapping  Years.  Uhit  History,  1945.  (CBES  5B1-2775  1945) 

US  Any  Corps  of  Bngineen.  Historical  Division.  Bngineer 

a7ilP-l»l.  iteiiiae  2.  Historical  Vignettes.  Washingtoni  US  Goverment 
Printing  Office,  1979. 

US  Departaent  of  the  Aray.  tviriinteai  Manual  s-237«  Surveying 
Cosyuter's  Manual,  washingtont  38  October  1964. 


Earnosly,  Midiael  P. 


SGumcii  OP  GBQcenc  sombub 

SlIIBDIfi<  Rtferanot  n  5-237,  Soryayiiig  Coapiter's  Nuiualr  1964. 

Hga  133,  Buagr^i)  57. 

The  basic  ooaqputation  In  triangulation  la  the  triangle  solution. 
When  two  angles  and  one  side  are  known,  this  case  is  known  as  an  inter- 
section  pcoblesi  with  the  third  angle  concluded  f  ron  the  other  two  angle 
observations.  Nomally,  all  three  angles  are  observedL  She  solution  of 
this  probleai  is  nade  by  the  law  of  sines  (See  the  ^ORMUUITIGN  and 
OOHWnKnOM*  section  which  fOUows). 

JX2BS> 

1.  Given  one  side  and  either  two  or  three  observed  angles  of  a 
triangle,  this  progran  solves  for  the  anount  of  ^herlcal  excess, 
triangle  nisdoeure,  the  two  renainlng  sides  (using  plane  angiee), 
and  the  three  qplierical  angles  for  use  in  the  oonputatlon  of  geode- 
tlc  positions. 

2.  This  progran  is  designed  to  be  used  with  tiie  TI  Printer  (SC-lflf 
Series). 

nciBncrgiBt 

1.  Printer  ^CM*  and,  tUkn,  Cbloulatoc  'W. 

2.  Load  the  four  sides  of  ^  aagpwtlc  oardst 

a.  OR,  BST,  1,  2nd,  OP,  17, 1,  UP,  2nd,  fSOSSi  ftiter  Bids  1. 


b.  2t  Biter  Side  2. 

e.  2f  Biter  Side  3. 

d.  If  Biter  Side  4. 


flBfcSt  ^  numbers  whidi  are  underlined  may  be  replaced  by  aeroea. 
Refer  to  qperating  instruction  manual  if  difficult  occurs. 

3.  Dqaress  ”A*  for  infoimation  and  instructions. 

KWCLKnCM  and  OGMPDlMJClIt 

1.  B>th  Gasest 


a.  Spherical  Braess  ■  (a^  *  sin  2  *  sin  3)/(393  B06*sin  1) 

b.  Tbe  unknoim  sides  are  oosqputed  using  the  knowi  side  and  plane 
angles  throu^  the  Las  of  Sines. 

c.  Plane  angle  equals  (Spherical  Angle  -  one-third  Spherical 


2.  Case  of  a  known  side  and  three  observed  anglesx 

a.  Triangle  Hiaclosure  >  CBimi  of  the  Cbeerved  Angles)  mltwie  (I8i 
degrees  pdili  Spherical  Bioeas) . 

b.  l^pherical  Angle  ■  (Cbeerved  Angl^  ■Imm  (one-third  of  the 
Triangle  Hiaclosure) . 

3.  Case  of  two  Observed  Angies  and  their  Induded  side  (A  common 
condition  known  as  the  intersection  solution)  s 

a.  Ramalnlng  (Concluded)  Angle  >  ISf  degrees  mlnuw  (sum  of  the  two 
Observed  Angles  tfin  the  Oospited  Spherical  Braeas) . 

b.  Triangle  Hiaclosure  •  lero  because  this  is  a  '^Oonclodad 
Triangle.* 


1.  Side  opposite  angle  no.  1,  in  ■atars 

2.  Angle  1. 
a.  If 


A-2 


SAMPLE  RUNS  i 


V  TRIANGLE  CDMPS 
:  1  SIOE/^  2  OR  3  ANGS 
i  FORMAT  AS  FOLLOWS! 

:  ANG  D. MS/LINEAR  MTRS 

INPUT  DATA  iN  ORDER! 


SIDE/ANG  1-2-3 
IF  CONCLUDED  ANG  1=0 


32123. 456 
90. 000231 
60. 000115 
30. 000057 


SPHER  EXS! 

1.  14  SECS 


TRIANGLE  CLOSES  AT! 

2. 89  SECS 


!  TRIANGLE  COMPS 
I  1  SIDE/  2  OR  3  ANGS 
'  FORMAT  AS  FOLLOWS! 

t 

I  ANG  D. MS/LINEAR  MTRS 

I  INPUT  DATA  IN  ORDER! 

!  SIDE/AHG  1-2-3 
[  IF  CONCLUDED  ANG  1=0 


i 

\ 

T 

I  32123.456 

I  0. 

60.000115 
30. 000057 

t 

i 

I 

'  SPHER  EXS! 

1.  14  SECS 


TRIANGLE  CLOSES  AT! 

0. 00  SECS 


COMP  SIDE  1  TO  3  IS! 
27819.7139  MTRS 


COMP  SIDE  1  TO  2  IS! 
16061.6237  MTRS 


SPHERICAL  ANGLES  ARE 


90.  000135 
60.  000019 
29. 595960 


THAT  WAS  AN  EASY  ONE 
HANNA  TRY  ANOTHER  ?? 

SIOE/ANG  1-2-3 
IF  CONCLUDED  ANG  1-0 

A-4 


COMP  SIDE  1  TO  3  IS! 
27819.7890  MTRS 


I  COMP  SIDE  1  TO  2  IS! 
16061.7538  MTRS 


SPHERICAL  ANGLES  ARE 


89. 595942 
60.  000115 
30. 000057 


THAT  WAS  AN  EASY  ONE 
WANNA  TRY  ANOTHER  ?? 


SIDE/ANG  1-2-3 
IF  CONCLUDED  ANG  1-0 


000 

22 

INV 

100 

03 

3 

001 

58 

FIX 

101 

69 

DP 

002 

47 

CMS 

102 

01 

01 

003 

25 

CLR 

103 

03 

3 

004 

69 

OP 

104 

07 

7 

005 

00 

00 

105 

00 

0 

006 

03 

3 

106 

00 

0 

007 

07 

7 

107 

01 

1 

008 

03 

3 

108 

03 

3 

009 

05 

5 

109 

03 

3 

010 

02 

2 

no 

06 

6 

Oil 

04 

4 

111 

00 

0 

012 

01 

1 

112 

00 

0 

013 

03 

3 

113 

69 

DP 

014 

03 

3 

114 

02 

02 

015 

01 

1 

115 

02 

2 

016 

69 

□P 

116 

01 

1 

017 

01 

01 

117 

03 

3 

018 

02 

2 

118 

02 

2 

019 

02 

2 

119 

02 

2 

020 

02 

2 

120 

07 

7 

021 

07 

7 

121 

02 

2 

022 

01 

1 

122 

07 

7 

023 

07 

7 

123 

03 

3 

024 

00 

0 

124 

02 

2 

025 

00 

0 

125 

69 

DP 

026 

01 

1 

126 

03 

03 

027 

05 

5 

127 

04 

4 

028 

69 

DP 

128 

03 

3 

029 

02 

02 

129 

03 

3 

030 

03 

3 

130 

06 

6 

031 

02 

2 

131 

06 

6 

032 

03 

3 

132 

02 

2 

033 

00 

0 

il33 

00 

0 

034 

03 

3 

!134 

00 

0 

035 

03 

3 

1135 

00 

0 

036 

03 

3 

136 

00 

0 

037 

06 

6 

137 

69 

OP 

038 

00 

0 

138 

04 

04 

039 

00 

0 

139 

69 

OP 

040 

69 

OP 

140 

05 

05 

041 

03 

03 

141 

98 

8DV 

042 

69 

OP 

142 

01 

1 

043 

05 

05 

143 

03 

3 

044 

02 

2 

144 

03 

3 

045 

00 

0 

145 

01 

1 

046 

00 

0 

146 

02 

2 

047 

03 

3 

U7 

02 

2 

048 

06 

6 

148 

00 

0 

049 

02 

.2 

1149 

00  ^  0_ 

050 

04 

4 

150 

01 

1 

051 

01 

1 

151 

06 

6 

052 

06 

6 

152 

69 

OP 

053 

69 

DP 

153 

01 

01 

054 

01 

01 

154 

04 

4 

055 

01 

1 

155 

00 

0 

1056 

07 

7 

156 

03 

3 

.057 

06 

6 

157 

00 

0 

058 

03 

3 

158 

03 

3 

059 

00 

0 

159 

06 

6 

060 

00 

0 

160 

06 

6 

061 

00 

0 

161 

03 

3 

062 

03 

3 

162 

02 

2 

063 

00 

0 

163 

07 

7 

064 

00 

0 

164 

69 

OP 

065 

69 

OP 

165 

02 

02 

066 

02 

02 

166 

02 

2 

067 

03 

3 

167 

04 

4 

068 

02 

2 

168 

03 

3 

069 

03 

3 

169 

01 

1 

070 

05 

5 

170 

01 

1 

071 

00 

0 

171 

07 

7 

072 

00 

0 

172 

01 

1 

073 

00 

0 

173 

03 

3 

074 

04 

4 

174 

03 

3 

075 

00 

0 

175 

05 

5 

076 

00 

0 

176 

69 

OP 

077 

69 

DP 

177 

03 

03 

078 

03 

03 

178 

12 

8 

079 

01 

1 

179 

69 

OP 

080 

03 

3 

180 

05 

05 

081 

03 

3 

181 

98 

RDV 

082 

01 

1 

182 

02 

2 

083 

02 

2 

183 

04 

4 

084 

02 

2 

184 

03 

3 

085 

03 

3 

185 

01 

1 

086 

06 

6 

186 

03 

3 

087 

69 

OP 

187 

03 

3 

088 

04 

04 

188 

04 

4 

089 

69 

OP 

189 

01 

1 

090 

05 

05 

190 

03 

3 

091 

02 

2 

191 

07 

7 

092 

01 

1 

192 

69  DP 

093 

03 

3 

193 

01 

01 

094 

02 

2 

194 

01 

1 

095 

03 

3 

195 

06 

6 

096 

05 

5 

196 

01 

1 

03  3 
00  0 
01  .1 


197  03  3 

198  03  3 

199  07  7 


f 


600 

00 

0 

601 

69 

DP 

602 

02 

02 

603 

01 

1 

604 

03 

3 

605 

03 

3 

606 

01 

1 

607 

02 

2 

608 

02 

2 

609 

02 

2 

610 

07 

7 

611 

01 

1 

612 

07 

7 

613 

69 

DP 

614 

03 

03 

615 

03 

3 

616 

06 

6 

617 

00 

0 

618 

00 

0 

619 

01 

1 

620 

03 

3 

621 

03 

3 

622 

05 

5 

623 

01 

1 

624 

07 

7 

625 

69 

DP 

626 

04 

04 

627 

69 

DP 

628 

05 

05 

629 

98 

RDV 

630 

58 

FIX 

631 

06 

06 

632 

43 

RCL 

633 

01 

01 

634 

22 

INV 

635 

88 

OHS 

636 

99 

PRT 

637  43  RCL 

638  02  02 

639  22  INV 

640  88  OHS 

641  99  PRT 

642  43  RCL 

643  03  03 

644  22  INV 

645  88  OHS 

646  99  PRT 

647  98  flOV 

648  98  ROV 

649  22  INV 


650 

58 

FIX 

700 

04 

04 

750 

05 

05 

651 

69 

DP 

701 

69 

DP 

751 

98 

RDV 

652 

00 

00 

702 

05 

05 

752 

22 

INV 

653 

03 

3 

703 

04 

4 

753 

86 

STF 

654 

07 

7 

704 

03 

3 

754 

01 

01 

655 

02 

2 

705 

01 

1 

755 

61 

GTD 

656 

03 

3 

706 

03 

3 

756 

89 

ir 

657 

01 

1 

707 

03 

3 

757 

76 

LBL 

658 

03 

3 

708 

01 

1 

758 

11 

R 

659 

03 

3 

709 

03 

3 

759 

98 

RDV 

660 

07 

7 

710 

01 

1 

760 

81 

RST 

661 

00 

0 

711 

01 

1 

761 

76 

LBL 

662 

00 

0 

712 

03 

3 

762 

12 

B 

663 

69 

DP 

713 

69 

DP 

763 

03 

3 

664 

01 

01 

714 

01 

01 

764 

00 

0 

665 

04 

4 

715 

03 

3 

765 

03 

3 

666 

03 

3 

716 

07 

7 

766 

07 

7 

667 

01 

1 

717 

03 

3 

767 

03 

3 

668 

03 

3 

718 

05 

5 

768 

05 

5 

669 

03 

3 

719 

04 

4 

769 

03 

3 

670 

06 

6 

720 

05 

5 

770 

06 

6 

671 

00 

0 

721 

00 

0 

771 

69 

DP 

672 

00 

0 

722 

00 

0 

772 

04 

04 

673 

01 

1 

723 

69 

DP 

773 

92 

RTN 

674 

03 

3 

724 

02 

02 

774 

76 

LBL 

675 

69 

DP 

725 

01 

1 

775 

13 

C 

676 

02 

02 

726 

03 

3 

776 

43 

RCL 

677 

03 

3 

727 

03 

3 

777 

04 

04 

678 

01 

1 

728 

01 

1 

778 

55 

679 

00 

0 

729 

03 

3 

779 

53 

< 

680 

00 

0 

730 

02 

2 

780 

43 

RCL 

681 

01 

1 

731 

03 

3 

781 

01 

01 

682 

07 

7 

•  732 

07 

7 

782 

75 

683 

01 

1 

733 

02 

2 

783 

43 

RCL 

684 

03 

3 

734 

03 

3 

784 

05 

05 

685 

03 

3 

735 

69 

DP 

785 

55 

686 

06 

6 

736 

03 

03 

786 

03 

3 

687 

69  1 

DP 

737 

01 

1 

787 

54 

> 

688 

03 

03 

738 

07 

7 

788 

38 

SIN 

689 

04 

4 

739 

03 

3 

789 

95 

690 

05 

5 

740 

05 

I: 

w 

790 

65 

X 

691 

00 

0 

7^1 

00 

0 

791 

53 

( 

i692 

00 

0 

742 

00 

0 

792 

92  1 

RTN 

693 

03 

3 

743 

07 

7 

793 

76  1 

LBL 

694 

02 

2 

744 

01 

1 

794 

14 

D 

695 

03 

3 

745 

07 

7 

795 

75 

696 

01 

1 

746 

01 

1 

796 

43  RCL 

i697 

01 

1 

747 

69  OP 

797 

05 

05 

698 

07 

7 

748 

04 

04 

798 

55 

;699 

69  DP 

749 

69  DP 

799 

03 

3 
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80UITIGN  OP  1SE  GBODEnC  IRBUM 

Purpoaet  Reference  IM  5-237r  flUrvy^lng  Oonqputer's  Manual,  1964  175, 

181;  ParagraEto  67-69,  70-72.  ^ 

The  purpose  of  this  program  is  to  provide  solutions  to  the  direct 
and  reverse  geodetic  problems.  It  has  been  structured  to  provide 
instructions  for  the  call-qp  required  instruction  sets,  iiipu^ 
for  use  with  varied  ellipsoids,  and  for  the  input  of  irformation 
required  for  the  solution  to  geodetic  problems. 

Direct  Problem:  Given  the  latitude  and  longitude  of  the  stan^int 
and  the  azimuth  and  distance  from  the  stan^int  to  the  forepoinb,  this 
program  computes  the  latitude  and  longitude  of  the  for^int  and  the 
azimuth  from  the  forepoint  to  the  stand^int. 

Reverse  Problem:  Given  the  latitudes  and  the  longitudes  of  two 
stations,  this  program  computes  the  distance  and  forward  and  reverse 
azimuths  between  the  two  stations. 

HaSS: 

1.  This  program  has  been  designed  for  use  with  a  TI  Printer  (PC-lff 
Series) . 

2.  Program  constants  are  metric,  therefore,  input/output  vidues  for 
distance  must  be  in  meters. 

3.  Angular  values  are  input  as  one  numerical  entry  with  a  decimal  point 


plaoed  betMeoi  the  degrees  and  ninutes  values. 

4.  When  inversing  stations  within  210  netecs  of  each  other  mmt 
degradation  of  absolute  aslauth  will  oocuTf  but  the  relative 
aocuraqf  is  aMintalned.  Ustanoes  are  ooaqputed  to  an  accuracy  of 
two  sUliaeters. 

TSBaacmasR  and  iMPms/oomnst 

1.  Printer  ”CN”  and,  then,  Calculator  *CBI”. 

2.  Load  tb0  four  sides  of  the  nagnecic  v-ardst 

a.  aSL,  BSr,  1,  2nd  OP  17,  HIV,  2nd,  HRTlEf  Enter  Side  1. 

b.  2,  Tiff,  2nd,  WRITE;  Enter  Side  2. 

c.  3,  mr,  2nd,  write;  Enter  Side  3. 

d.  4,  mJ,  2nd,  WRITE;  Enter  Side  4. 

If  a  blinking  number  i^ipears  after  a  side  has  been  fed  through  the 
calculator,  repeat  the  action,  starting  at  CLR,  for  that  side.  Refer  to 
operating  instructions  maual  if  difficulty  occurs. 

3.  Depress  for  information  and  instructions: 

a.  Title  of  progran  and  constants. 

b.  Depress  to  iiput  new  constants  or  go  to  next  instruction 
(See  also  paragraph  4) . 

c.  Depress  V  to  use  the  progran  for  a  direct  solution  or  depress 

to  use  the  progran  for  reverse  solution. 

d.  After  ary  ablution  has  be«i  oospubed,  it  is  not  necessary  to 
depress  the  user  label  to  repeat  the  aaaa  type  solution.  If  new 
constants  are  to  be  entered  or  another  type  solution  is 
desired,  it  is  necessary  to  dapreas  the  applicable  usttc  laboi. 


4.  9m  following  oonstanti  are  anociatad  with  tiM  liatad  ^ipaoida: 


uasi. 

mtemational 

147.750 

6 

399 

996.606 

Bessel 

148.827 

6 

398 

786.846 

Everest 

149.651 

6 

398 

547.992 

aarke  1880 

145.983 

6 

4N 

057.735 

Australian  Nat. 

148.357 

6 

399 

617.223 

Nercury  1960 

148.400 

6 

399 

a9.635 

Fischer,  SE  Asia 

148.400 

6 

399 

608.600 

Hough  1960 

147.750 

6 

399 

818.210 

Airy 

148.913 

6 

398 

941.304 

Krassovsky 

148.400 

6 

399 

698.900 

IML  9  D 

148.380 

6 

399 

602.200 

*  1/E  -  (l-f)2  /  (2f-£2) 

*  *  C  -  a/(l-f) 

Where:  a  *  equatorial  radius 

£  >  reciprocal  of  the  flattoiing 

5.  The  sign  conventicxi  for  input/output  geodetic  coordinates  are  as 
follows: 

POBitlVB  Meg^tlve 

Latitude  :  North  South 

Longitude  :  West  East 

6.  For  longitudinal  values  in  excess  of  one-hundred  degreesr  subtract 

one-hundred  degrees  frost  the  absolute  degrees  value  before  input  and 

add  one-hundred  degrees  to  the  absolute  degrees  value  after  output. 

Bxaaple:  Input  125®  as  25® 

Md  ltd®  back  to  output  longitude 

Input  -125®  as  -25® 

Subtract  IH®  fron  output  longitude 

B-3 


1.  Direct  Problcn  (Boeltion  Ooivutatlcn) 

a.  LBtituae  (l)t  N  (*(’}.  8H. 

b.  Longitude  (l)t  W(4),  BH. 

c.  Asiauth  (aodwiae  fron  1^  Mortfa) . 

a.  Distance,  Station  1  to  Station  2,  in  aetars. 

2.  Reverse  Problem  (Inverse  Position  Oospitation) 

a.  latitude  (l)t  N('(^)r  S(-). 

b.  Longitude  (1)»  W(+),  B(-). 

c.  Latitude  (2) X  »(+),  S(-). 

a.  Longitude  (2)x  W(+),  B(-). 

3.  Res  Constants  (See  listing  of  ellipsoias) . 


1.  Change  ateiis  2f-26aiia45-5f2teaae  with  other  eUijpaoUto. 

2.  AMlea  are  In  radlane  in  teHarfna 


fi  s  ^  01’^  Vt.  6coz  oCxjL 

•- 1  +  £  e .  e‘ 

+  Cos^j-%e.)  -r^ 

^2."  ^1“  6  stn.C<iz  -  %  ^(s«c  (9^2  ^ 

u)l>  CAx  Vj^  =  ^  i  +£ 

<X^  e  ±  IT  i  S//I  VeJA  »  0"Wj . 

iL.  1<  th*  angulai  distance  along  tbe  naridian  of  Vi  fnaa  •>  to  tJia 
foot  of  the  perpendicular  f roai  ^  * 

Qiia  fomula  uses  the  aeiauth  of  the  nonaal  section^  not  the  Mt^****!  q£ 
the  geodesic.  The  difference  betwem  the  two  is  negligible  (<1.128  et 


INVKRSr.  SOLUTION 


Source  of  Equations:  H.  P.  Rainsford's  formula  as  given  in  Empire  Survey 
Review  71,  1949.  Terms  beyond  third  order  have  been  omitted  and  fourth 
order  elliptic  terms  have  been  omitted  from  third  order  terms.  Expansions 
are  used  la  terms  of  ^  and  n  *  AX  cos^.  All  angles  are  in  radians. 
Longitude  is  positive  ease. 


c  polar  radius 

G  -  the  square  of  second  eccentricity 
i  -  (l/2)(^i  +  ♦*) 

C  -  (*2  -  ^l) 

n  -  (Xj  -  Xi)cos^ 

t  "  tan  ^ 

D  ■  G  cos*^ 

-  1  +  D 

Aj  -  (1/8)  D  (1  -  t*) 

-  -(l/24)(2  +  3t*  +  2D) 

Aj  -  (1/24)(1  -  D(1  +  9t^)) 

— (l/24)t^ 

A3  -  (1/24) (3  +  2D) 

B3  -(1/12)(1  +  D) 

X  -  (C/V*)(l  +  AiC*  +  Bin*) 

y  -  (n/V)(l  +  AaC*  +  Ban*) 

s  -  tn(l  +  AaC*  +  Ban*) 

S  -  c  /x*+  y*  ■  cr 
can  A  ■  y/X  or  cot  A  - 
u,2  -  A-(l/2)x 

O21  -A+(l/2)s  +  » 

Tliese  equations  give  an  accuracy  of  about  1:10*  up  to  200  km  or  nwre  in 
low  and  medium  latitudes,  up  to  160  km  at  latitude  60*,  and  progressively 
less  in  higher  latitudes. 


flAMPLE  mms 


POSITION  RND  INVERSE 
6399902. 6  *C 

146.74  *1/E 


INPUT  cn/E 


e:  for  neu  constants 
b:  direct/c:  inverse 


63998999. 5 
148. 23 

b;  direct/ci  inverse 


DIRCT  COMP  INPUT 
LflT 1 /LON 1 i fl2/N i D I S/M 


30. 12131234 
75. 10154321 
60.  2609155 
11061.08 


30. 

15. 

10.  22220 


75. 

4. 

15.  55550 


240. 
29. 
10.  333 


INVRS  COMP  INPUT 
LflT  1 /LON  1.*  LflT2/L0N2 


30.  12131234 
75. 10154321 

30. 15102222 
75. 04155555 

60. 
26. 
9.  157 

240. 
29. 
10.  335 

11061.0796 
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MnSDIX  c 
mVCnGN  TO  CBRRR 

fiUBQBe:  Reference  TM  5*'237,  Surv^lng  Oonputer'e  Hanualf  1964 
Page  133  Faragra|4i  56  a 

The  computation  of  the  eoooitrlc  reduction  provides  the  correction 
whidir  when  properly  applied  to  the  observed  direction,  reduces  it  to 
the  value  it  would  have  beat  had  the  instrunm.t  or  target  or  both  not 
be»  eccentric. 

MOlBSt 

1.  This  program  is  designed  to  be  used  with  the  TI  Printer  (PC-IW 
Series).  Simple  modification  of  the  program  will  provide 
stop/output  for  a  TI  59  calculator  without  a  printer  attadamnt. 

2.  The  values  of  the  known  lengths  may  be  entered  in  any  flODBistent 
linear  system. 

3.  The  angular  value  at  the  occupied  station  from  the  near  station  to 
the  distant  station  is  input  as  one  nianerical  value  with  a  decimal 
point  placed  between  the  degrees  and  minutes  values. 

MsaucncMBt 

1.  Printer  Ml*,  and,  then.  Calculator  Ml*. 

2.  Load  the  two  sides  of  the  magnetic  card. 

a.  CLR,  RSr,  1,  2nd,  OP  17,  1,  1117,  2nd,  MUlBi  filter  Side  1. 

b.  2j  Bnter  Side  2. 


0-1 


Motet  The  underlined  numbers  nay  be  reiilaced  by  seroes.  Defer  to  the 
operating  instruction  manual  if  difficulty  occurs* 

3.  Depress  ”A"  for  initialization  and  input  instruction. 

4.  For  ezplanatlon  of  "cases*r  depress  V,  then  after  the  Information 
is  provided,  d^ess  "A*  for  input  and  oonputations. 

5.  Oonputed/butyut  values  will  be  followed  by  a  print  of  the  station 
number  and  *d”.  If  either  a  new  station  or  a  new  *d*  is  to  be  used, 
deiaress  *A”  and  input  a  oosplete  set  of  data. 

nPOTDMAt 

1.  Station  ID  mnber. 

2.  "d"t  Distance  betweoi  True  and  Eccentric  stations,  in  meters. 

3.  Case  nuriber. 

4.  Distance,  in  meters,  from  the  True  or  Eccentric  station  to  the 
far  station  (according  to  case  ranber) . 

5.  Qockwise  angle  at  the  occupied  station  from  the  near  station  to 
the  far  station. 


0-2 


TRUE 


'  bXST^T 


Mote:  m  like  figures  the  eoeentric  and  awing  angles  are 
nUBMrically  wval»  but  caaoslte  in  sign. 

-1 

Angle  (Seconds)  ■  sin  (d  sin  a) 

S 

When  two  sides  and  the  included  angle  conprise  the  inpit  data,  the  law 
of  cosines  is  utilized  to  confute  the  side  ofiposite  the  obsexiwd  station 
and,  then,  ^t  value  is  used  in  the  law  of  sines  (above)  • 
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SIMPLE  HDHS 


case: 

LENGTH 

TD  ;STA 

ND. : 

FAR 

ST A  JDCC 

1 

TRU 

TRU 

2 

ECC  TRU 

3 

TRU 

ECC 

4 

ECC  ECC 

1,3  SUG^2>4 

RED  ANG 

INPUT  FDR  ECC  RED 
STfl/D  '/CflSE/D I ST /flNG 


101. 

1.54 


101. 

1.  54 


1. 

13000.  276 
280. 


-24. 06  SECS 


3. 

13000. 

280. 

-24. 06 


101. 

1.54 


101. 


4. 


1.54 


13000. 
99.  593594 


24.  06 


2. 


(  ! 


13000.  276 
99.  593594 


101. 


C-4 


SECS 


SECS 


24.06 


SECS 


1.54 
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25 
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98 
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91 
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75 
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91 
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on 
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01 
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01 
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X 
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76 
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s 
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RBDOCTON  OP  SLQRD  DISDINCB  ID  8Bk  UB/B*  Drtrmam 

vsms  sbchrockl  VERnoo.  moji  OBaannaicm 

JSasSBSts  Itefetenoe  TO  5>237t  Suxvcying  CoBiKiter's  Hanualr  1964 
Page  112,  Baragraifc  48. 

Obsenmd  or  knovn  sloped  distances  Bust  be  raducsd  to  a 
(geodetic)  length,  usually  at  sea  level,  for  use  in  the  solution  of 
triangulation  data. 

TOis  progran  reduces  sloped  distances  to  sea  level  or 
lengths  depending  on  the  hei^  used.  It  is  designed  for  use  vlth 
station-to'^tion  or  electronically  measured  sloped  distance. 

KaSt 

1.  Ihis  program  has  bemn  designed  for  use  with  the  *I  Printer  (PC-IM 
Series).  Siii^e  modifications  of  the  program  are  r^**^*^^  whldi 

'^^l  provide  stop/butpit  for  a  Tl-59  calculator  without  a  printer 
attachnent. 

2.  Program  constants  are  metric,  therefore,  input/output  l<neer  wtluas 
must  be  in  meters. 

3.  Pngular  valuss  are  irput  as  one  numerical  entry  witti  a  point 

placed  betuemi  the  degrees  and  minutes  valuss. 

1.  Printer  \ir  and,  than  \M*. 

3*  iMd  the  four  sides  of  the  magnetic  cardst 

D-1 


a.  OR,  BST,  2,  2nd,  OP,  17, 1,  HIV,  2nd,  wmEi  Bntar  Side  1. 

b.  2t  Biter  Side  2. 

c.  li  Biter  Side  3. 

d.  ii  Biter  Side  4. 

flBfeftt  The  nambeta  that  are  inderllned  nay  be  r^daoed  by  aeroea.  Refer 
to  operating  instruction  asnual  if  difficulty  occurs. 

3.  Depress  "h"  for  initialisation  and  instructions. 

4.  Reference:  EDIE:  *H1/B2  ABV  SIR.” 

a.  If  B3ME  neasureaieiit,  enter  heights  of  instruments/targets  above 
their  respective  stations  (1  or  2). 

b.  If  sloped  distance  is  station  to  station,  enter  zeroes  for  B1 
and  H2. 

IHHBTDM&i 

1.  Latitude  (aean  of  the  two  stations)  >  R  (+),  8(-). 

2.  Asiauth  (frosi  station  1  to  station  2)  :  aodeirise  from  NOrtii. 

3.  Wrtical  Angle  at  station  1  to  station  2. 

4.  Vertical  Angle  at  station  2  to  station  1. 

5.  Bel^t  of  theodolite  above  station  1,  in  nsters. 

6.  Height  of  target  above  station  2,  in  nettts. 

7.  Height  of  theodolite  above  station  2,  in  aeters. 

8.  Hei^  of  target  above  station  1,  in  neters. 

9.  Sloped  distance:  station  1  to  station  2,  in  neters. 

If.  Elevation  of  station  1,  in  ■eters. 

11.  BXB  Hel^fite  (or  serose  if  Rlcpad  dletanoe  is  froa  station  disk  to 
station  disk. 

a.  Hei^  of  instnsMnb  or  refleetiMyklave-aiit  above  sbabloi  1,  in 

h.  Heitbt  of  instnnMnt  cor  cefleotoi^ilase-iaiit  above  station  2, 
in  asters. 


D-2 


ftmm  focaulM  mn  dKivtd  by  T,  Vliwinty  foe  om  vltn  audl 
alculstoES. 


1.  »ng1—  an  <»*  ratMar 

2.  Wrticil  mglii  f 


in  the  following  foanlM. 
fron  ttM  hag**™*- 


3.  Wrtical  angle*  are  corrected  toe  hei^jhts  of  tteodollte  (t)  and 
targets  (o)  by  (tro)  A  within  Urn  pcograu 

hf  •  hi  +  Ah  «  hj  +  L  Sin  V 

where  V  ®  %  (vj  -  V2)j(vi  4  V2  •  corrected  angles). 

S  «  s'  -  Ah’ (ah  +  H  Ah')/s' 
where  ah' »  h'2  -  h'j 

and  where  s'  *\  IL^  -  ah^ 

y  ^  *  hi  +  h2 

Where  R  *  6400000  ([l  -  (cos^d)  (1  +  2  cos^a)^ 

SBR  V  aggplieB  ellipsoid  curvature  correction  and  a  correction  to 
reduce  the  end  points  of  the  line  to  reference  (ground)  stations.  Ihea 
are  oonbined  in  the  frdlowing  «^easions 


Corr.  +  S  fsi  -  12  (h'l  +  h'2jl 


StfffliB  JPaS 


EDM  SL  RECIP  VER  fiNG 
FORMAT  AS  FOLLOWS! 


ANG  D. MS/LINEAR  MTRS 
LAT  N+  S-/AZ  0  DEG  N 


INPUT  DATA  IN  ORDER! 

i  SLOPE  DIS/  EL  STA  1! 

1 

LAT/  AZI/  VA  1/VA  2! 

30123. 456 
2110.878 

30. 

100. 

-2.  00012 

1.50006 

1  EDME!  H1/H2  ABV 

STA 

Tl/  02/  T2/  01! 

10.  32 

1.7 

10.  01 

1.53 

1.65 

10.21 

DEL  H 

-999.  122 

MTRS 

H2 

1111.756 

MTRS 

DIST  SL 

30098.  997 

MTRS 

NEXT? 


LAT/  AZI/  VA  1/VA  2! 
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98  flOV 


300 

98 

ADV 

350 
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301 

98 

AOV 

351 

69 

OP 
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91 

R/'S 
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04 
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99 

PRT 
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69 
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STD 
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05 
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42 
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11 
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- 

’314 
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R/S 

364 
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R/S 
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99 
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99 
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42 
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85 
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PRT 

319 

69 

DP 

369 

95 

8 

320 

00 

00 

370 

42 

STD 

321 

03 

3 

371 
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03 

3 

376 

07 

7 

327 

69 

DP 

377 

03 

3 

328 

01 

01 

378 

02 

2 
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331 

00 
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381 
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03 
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69 

DP 
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OP 

385 
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338 
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388 
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4 

339 

00 

0 

389 

03 

3 

340 

03 

3 

390 

06 

6 

341 

06 

6 

391 

06 

6 

342 

03 

3 

392 

03 

3 

343 

69 

OP 

393 

69 

DP 

344 

03 

03 

394 

02 

02 

345 

03 

3 

395 

01 

1 

346 

02 

2 

396 

07 

7 

347 

00 

0 

397 

02 

2 

348 

02 

2 

398 

07 

7 

349 

08 

6 

399 

00 

0 

600 

07 

07 

650 

17 

B* 

700 

01 

1 

750 

55 

•r 

601 

55 

651 

43 

RCL 

701 

07 

7 

751 

43 

RCL 

602 

02 

2 

652 

02 

02 

702 

04 

4 

752 

01 

01 

603 

54 

) 

653 

18 

C* 

703 

04 

4 

753 

75 

- 

604 

95 

s 

654 

02 

2 

704 

03 

3 

754 

01 

1 

605 

42 

STD 

655 

03 

3 

705 

07 

7 

755 

02 

2 

606 

08 

08 

656 

00 

0 

706 

07 

7 

756 

65 

X 

607 

75 

657 

03 

3 

707 

01 

1 

757 

43 

RCL 

608 

01 

1  1 

658 

00 

0 

708 

69 

□P 

758 

06 

06 

609 

00 

0 

659 

00 

0 

709 

01 

01 

759 

54 

) 

610 

00 

0 

660 

00 

0 

710 

69 

DP 

760 

95 

a 

611 

00 

0 

661 

00 

0 

711 

05 

05 

761 

44 

SUM 

612 

00 

0 

662 

00 

0 

712 

98 

ADV 

762 

08 

08 

613 

95 

s 

663 

00 

0 

713 

61 

GTD 

763 

61 

GTD 

614 

77 

GE 

664 

69 

OP 

714 

87 

IFF 

764 

88 

DMS 

615 

16 

fl' 

665 

01 

31 

715 

76 

LBL 

765 

76 

LBL 

616 

43 

RCL 

666 

69 

LP 

716 

11 

A 

766 

17 

B* 

617 

15 

15 

667 

05 

05 

717 

22 

INV 

767 

03 

3 

618 

75 

668 

17 

B* 

718 

58 

FIX 

768 

00 

0 

619 

02 

2 

669 

43 

RCL 

719 

47 

CMS 

769 

03 

3 

620 

95 

S 

670 

14 

14 

720 

25 

CLR 

770 

07 

7 

621 

77 

GE 

671 

18 

C 

721 

70 

RAD 

771 

03 

3 

622 

16 

ft* 

672 

01 

1 

722 

98 

ADV 

772 

05 

5 

623 

43 

RCL  i 

673 

06 

6 

723 

81 

RST 

773 

03 

3 

624 

16 

16  1674 

02 

2 

724 

76 

LBL 

774 

06 

6 

625 

75 

- 

67' 

04 

4 

725 

19 

D' 

775 

69 

DP 

626 

02 

2 

676 

03 

3 

726 

88 

DMS 

776 

04 

04 

627 

95 

M 

677 

06 

6 

727 

65 

X 

777 

92 

RTN 

628 

77 

GE 

678 

03 

3 

728 

89 

If 

778 

76 

LBL 

629 

16 

fl* 

679 

07 

7 

729 

55 

779 

18 

C* 

630 

76 

LBL 

680 

00 

0 

730 

01 

1 

780 

58 

FIX 

631 

88 

DMS 

681 

00 

0 

731 

08 

8 

781 

03 

03 

632 

98 

RDV 

682 

69 

OP 

732 

00 

0 

782 

69 

DP 

633 

98 

flDV 

683 

01 

01 

733 

54 

) 

783 

06 

06 

634 

69 

DP 

684 

03 

3 

734 

92 

RTN 

784 

98 

ADV 

635 

00 

00 

685 

06 

6 

735 

76 

LBL 

785 

22 

INV 

636 

01 

1 

686 

02 

2 

736 

16 

A* 

786 

58 

FIX 

637 

06 

6 

687 

07 

7 

737 

43 

RCL 

787 

69 

DP 

638 

01 

1 

688 

69 

DP 

738 

08 

08 

788 

00 

00 

639 

07 

7 

689 

02 

02 

739 

55 

789 

92 

RTN 

640 

02 

2 

690 

69 

DP 

740 

43 

RCL 

790 

00 

0 

641 

07 

7 

691 

05 

05 

741 

01 

01 

791 

00 

0 

642 

00 

0 

692 

17 

B* 

742 

55 

▲ 

792 

00 

0 

643 

00 

0 

693 

43 

RCL 

743 

02 

2 

793 

00 

0 

644 

02 

2 

694 

08 

08 

744 

04 

4 

794 

00 

0 

645 

03 

3 

695 

18 

C* 

745 

65 

X 

795 

00 

0 

646 

69 

DP 

696 

98 

ADV 

746 

53 

< 

796 

00 

0 

647 

01 

01 

697 

98 

ADV 

747 

43 

RCL 

797 

00 

0 

648 

69 

□P 

698 

.03 

3 

748 

08 

08 

798 

00 

0 

649 

05 

05 

699 

01 

1 

749 

33 

X« 

799 

00 

0 

MFEIDIX  B 


1HRS  Bonn  (RESBcncN)  ncBiuai 

ParpoBftt  Reference  IM  5-237,  Surveying  Oonfuter'a  Manual,  1964 
Pages  230A  Paragraiit  81. 

IStls  program  will  solve  the  unknown  pearametere  of  a  quadrilateral 
when  three  of  the  stations  have  known  coordinates  and  horisontal 
directions  are  observed  to  than  from  the  unknown  station. 

This  solution  is  not  to  be  confused  witii  the  inaccessible  base  or 
qpecial  angle  pcoblese. 

ICTESt 

1.  Ihe  program  is  designed  for  use  with  the  TI  Printer  (PC-100  Series). 

2.  The  input  values  of  the  sides  must  be  metric  due  to  metric  constants 
generated  within  the  program. 

3.  Each  of  the  two  angular  values,  at  the  unknown  (occupied)  station 
between  pairs  of  the  three  unknown  stations,  is  input  as  one 
numerical  oitry  with  a  decimal  point  between  the  degrees  and  minutes 
values. 

asapcnoHB: 

1.  Printer  "ON”  and,  then.  Calculator 

2.  Load  the  two  sides  of  the  magnetic  cardst 

s.  OR,  BST,  1,  2nd,  OP,  17,  1,  mt,  2nd,  NRITB}  Bnter  Side  1. 
b.  2t  Alter  Side  2. 


Notet  Ihe  underlined  manbwe  nay  be  rciOaoed  by  aeroes.  Bafer  to  the 
cperating  instruction  aenual  if  further  difficult  occurs. 

3.  Depress  for  initialisation  and  input. 

4.  Upon  ooe^iLetion  of  the  X*  T  oosqputation,  another  resection  probleai 
can  be  entered  ori  D^ess  f<x  the  ccsudning  parts  of  the  figure. 

ngPIDMh* 

1.  Side  Sr  in  neters. 

2.  Side  br  in  neters. 

3.  Angle  A  at  the  unknown  station  uhich  is  opposite  side  a. 

4.  Angle  B  at  the  unknown  station  which  is  opposite  side  b. 

5.  Angle  C  at  the  known  station  (opposite  the  unknown  station  in  the 
quadrilateral  —  the  niddle  one  of  three  knowns) . 


B-2 


SAMgLfiJRimg 


RESECTIDNI  INPUT 
SIDESIfl*  B/flNGSIflj  C 


•4870.  241 
9477. 507 


30.  41597 
64.  27113 
108.  09343 


91.285506  sX 

65.  121964  =Y 

NExTIflj B/flNGSI  B? 


57.490534  =C1 

50. 202924  *C2 

8087.012 

8073. 751  ■£ 

9536. 170  *F 

RESECTIDNI  INPUT 


sides:a»  b/angsia»  b^c 


000 

25 

CLR 

050 

05 

05 

100 

43 

RCL 

150 

05 

5 

001 

98 

flDV 

051 

65 

X 

101 

02 

02 

151 

01 

1 

002 

98 

flDV 

052 

43 

RCL 

102 

58 

FIX 

152 

07 

7 

003 

98 

ADV 

053 

08 

08 

103 

06 

06 

153 

03 

3 

004 

91 

R/S 

054 

88 

DMS 

104 

98 

flDV 

154 

06 

6 

005 

42 

STD 

055 

38 

SIN 

105 

69 

DP 

155 

01 

1 

006 

04 

04 

056 

55 

106 

06 

06 

156 

07 

7 

007 

99 

PRT 

057 

43 

RCL 

107 

22 

INV 

157 

01 

1 

008 

91 

R/S 

058 

04 

04 

108 

58 

FIX 

158 

05 

5 

009 

42 

STD 

059 

55 

109 

06 

6 

159 

69 

DP 

010 

05 

05 

060 

43 

RCL 

no 

04 

4 

160 

01 

01 

Oil 

99 

PRT 

061 

09 

09 

111 

04 

4 

161 

03 

3 

012 

98 

flDV 

062 

88 

DMS 

112 

05 

5 

162 

07 

7 

013 

91 

R/S 

063 

38 

SIN 

113 

69 

DP 

163 

02 

2 

014 

42 

STD 

064 

54 

> 

.114 

04 

04 

164 

04 

4 

015 

08 

08 

065 

22 

INV 

115 

43 

RCL 

165 

03 

3 

016 

99 

PRT 

066 

30 

TflN 

116 

01 

01 

166 

02 

2 

017 

91 

R/S 

067 

75 

- 

117 

58 

FIX 

167 

03 

3 

018 

42 

STD 

>068 

04 

4 

118 

06 

06 

168 

01 

1 

019 

09 

09 

069 

05 

5 

119 

69 

OP 

169 

06 

6 

020 

99 

PRT 

070 

54 

) 

120 

06 

06 

170 

02 

2 

021 

91 

R/S 

071 

30 

TflN 

121 

22 

INV 

171 

69 

OP 

022 

99 

PRT 

072 

95 

S 

122 

58 

FIX 

172 

02 

02 

023 

88 

DMS 

073 

22 

INV 

123 

03 

3 

173 

02 

2 

024 

85 

+ 

074 

30 

TflN 

124 

01 

1 

174 

04 

4 

025 

43 

RCL 

075 

44 

SUM 

125 

01 

1 

175 

03 

3 

026 

08 

08 

076 

06 

06 

126 

07 

7 

176 

01 

1 

027 

88 

DMS 

077 

75 

- 

127 

05 

5 

177 

03 

3 

028 

85 

+ 

078 

43 

RCL 

128 

00 

0 

178 

03 

3 

029 

43 

RCL 

079 

07 

07 

129 

03 

3 

179 

04 

4 

030 

09 

09 

080 

95 

S 

130 

07 

7 

180 

01 

1 

031 

88 

DMS 

081 

94 

+ 

131 

69 

DP 

181 

03 

3 

032 

95 

s 

,082 

42 

STD 

,132 

01 

01 

182 

07 

7 

033 

55 

083 

07 

07 

Il33 

01 

1 

183 

69 

OP 

034 

02 

2 

'084 

22 

INV 

:134 

04 

4 

184 

04 

04 

035 

75 

- 

085 

88 

DMS 

135 

07 

7 

185 

98 

flDV 

036 

01 

1 

086 

42 

STD 

136 

01 

1 

186 

69 

OP 

037 

08 

8 

087 

01 

01 

137 

69 

DP 

187 

05 

05 

038 

00 

0 

088 

43 

RCL 

138 

04 

04 

188 

03 

3 

039 

95 

S 

089 

06 

06 

139 

98 

flDV 

189 

06 

6 

040 

94 

+  /- 

090 

22 

INV 

140 

69 

OP 

190 

02 

2 

041 

42 

STD 

091 

88 

DMS 

141 

05 

05 

191 

04 

4 

042 

06 

06 

092 

42 

STD 

142 

81 

RST 

192 

01 

1 

043 

42 

STD 

093 

02 

02 

143 

76 

LBL 

193 

06 

6 

044 

07 

07 

094 

06 

6 

144 

11 

R 

194 

01 

1 

045 

30 

TflN 

095 

04 

4 

145 

22 

INV 

195 

07 

7 

046 

65 

X 

096 

04 

4 

146 

58 

FIX 

196 

03 

3 

047 

53 

< 

097 

04 

4 

147 

69 

OP 

197 

06 

6 

048 

53 

< 

098 

69 

OP 

148 

00 

00 

198 

69 

OP 

049 

43 

RCL 

099 

04 

04 

149 

03 

3 

199 

01 

01 

200 

06 

6 

250 

75 

300 

65 

X 

350 

05 

05 

201 

02 

2 

251 

43 

RCL 

301 

43 

RCL 

351 

43 

RCL 

202 

01 

1 

252 

06 

06 

302 

04 

04 

352 

04 

04 

203 

03 

3 

253 

95 

S 

303 

33 

X2 

353 

65 

X 

204 

05 

5 

254 

42 

STD 

304 

65 

X 

354 

43 

RCL 

205 

07 

7 

255 

03 

03 

305 

43 

RCL 

355 

06 

06 

206 

01 

1 

256 

01 

1  i 

306 

06 

06 

356 

38 

SIN 

207 

04 

4 

257 

08 

8  1 

307 

38 

SIN 

357 

55 

208 

06 

6 

258 

00 

0 

308 

55 

358 

43 

RCL 

209 

03 

3 

259 

75 

- 

309 

43 

RCL 

359 

08 

08 

210 

69 

□P 

260 

43 

RCL 

310 

08 

08 

360 

38 

SIN 

211 

02 

02 

261 

09 

09 

311 

38 

SIN 

361 

95 

X 

212 

01 

1 

262 

88 

DtlS 

312 

55 

•r 

362 

42 

STD 

213 

03 

3 

263 

42 

STD 

313 

01 

1 

363 

04 

04 

214 

03 

3 

264 

09 

09 

314 

04 

4 

364 

43 

RCL 

215 

01 

1 

265 

75 

- 

315 

01 

1 

365 

01 

01 

216 

02 

2 

266 

43 

RCL 

3  m 

04 

4 

366 

22 

INV 

217 

02 

2 

267 

07 

07 

3  If 

08 

8 

367 

88 

Dns 

218 

03 

3 

268 

95 

s 

318 

52 

EE 

368 

42 

STD 

219 

06 

6 

269 

42 

STD 

319 

08 

8 

369 

01 

01 

220 

06 

6 

270 

01 

01 

320 

95 

B 

370 

43 

RCL 

221 

02 

2 

271 

38 

SIN 

321 

22 

INV 

371 

03 

03 

222 

69 

DP 

272 

65 

X 

322 

52 

EE 

372 

22 

INV 

223 

03 

03 

273 

43 

RCL 

323 

44 

sun 

373 

88 

Dns 

224 

01 

1 

274 

05 

05 

324 

03 

03 

374 

42 

STD 

225 

03 

3 

275 

33 

X2 

325 

43 

RCL 

375 

03 

03 

226 

05 

5 

276 

65 

X 

326 

01 

01 

376 

22 

INV 

227 

07 

7 

277 

43 

RCL 

327 

38 

SIN 

377 

58 

FIX 

228 

01 

1 

278 

07 

07 

328 

65 

X 

378 

06 

6 

229 

04 

4 

279 

38 

SIN 

329 

43 

RCL 

379 

04 

4 

230 

05 

5 

280 

55 

•f 

330 

05 

05 

380 

01 

1 

231 

07 

7 

281 

43 

RCL 

331 

55 

7 

381 

05 

5 

232 

01 

1 

282 

09 

09 

332 

43 

RCL 

382 

00 

0 

233 

05 

5 

283 

38 

SIN 

333 

09 

09 

383 

02 

2 

234 

69 

OP 

284 

55 

■T 

334 

38 

SIN 

384 

69 

□P 

235 

04 

04 

285 

01 

1 

335 

95 

X 

385 

04 

04 

236 

98 

flDV 

286 

04 

4 

336 

42 

STD 

386 

43 

RCL 

237 

69 

DP 

287 

01 

1 

337 

02 

02 

387 

03 

03 

238 

05 

05 

288 

04 

4 

338 

43 

RCL 

388 

58 

FIX 

239 

81 

RST 

289 

08 

8 

339 

03 

03 

389 

06 

06 

240 

25 

CLR 

290 

52 

EE 

340 

38 

SIN 

390 

98 

RDV 

241 

01 

1 

291 

08 

8 

341 

65 

X 

391 

69 

DP 

242 

08 

8 

292 

95 

M 

342 

43 

RCL 

392 

06 

06 

243 

00 

0 

293 

22 

INV 

343 

04 

04 

393 

22 

INV 

244 

75 

- 

294 

52 

EE 

344 

55 

+ 

394 

58 

FIX 

245 

43 

RCL 

295 

44 

SUM 

345 

43 

RCL 

395 

06 

6 

246 

08 

08 

296 

01 

01 

346 

08 

08 

396 

04 

4 

247 

88 

ons 

297 

43 

RCL 

347 

38 

SIN 

397 

01 

1 

248 

42 

STD 

298 

03 

03 

348 

95 

■ 

398 

05 

5 

249 

08 

08 

299 

38 

8IN 

349 

42 

STQ 

399- 

00 

0 

E-6 


roMSFORfKTIQN  OF  GBQDBnC  COOnmOBS  OaOH  MRlOli 
IWniM  1927)  TO  SDOE  tLMffi  OOOFDlNaBB  (DWEST  HBJBCnOM) 

Piirpoaet  Reference  HI  5-7Sn,  Surveying  Ooe|iuter'e  Manual,  1964 
Rage  366,  Raragraite  179/181. 

Ihe  Laoibert  Oonical  Oonfonud  type  of  projection  is  used  with  one  or 
two  standard  parallels  in  areas  extending  nainiy  in  an  easb-west 
direction.  The  projection  provides  very  siaqple  fomulas  for  tha 
conversion  of  geodetic  to  grid  coordinates  using  the  included  constants. 
This  projection  is  used  for  mary  states  by  the  Hational  Geodetic  Survqr 
(MGS)  for  the  state  plane  grid  aystcns  in  the  United  States. 

ICTESt 

1.  This  program  is  designed  to  be  used  with  the  TI  Printer  (9C-1M 
Series) . 

2.  Hie  listed  program  is  written  using  the  constants  necessary  to 
convert  geodetic  coordinates  (North  American  Datum  1927)  to  state 
plan  coordinates  (Lasbert  Prelection,  California,  lone  V) . 

3.  The  program  listinc^instructions  can  be  modified  for  storage  on 
magnetic  cards  for  specific  states  or  the  constants  can  be  input  after 
initialising  and  depressing  V.  See  the  attached  listing  of  staWaone 
constants  and  codes. 


1.  Printer  Ml*  and,  then,  OaloUlaitor  MT. 


f^l 


2.  Lotd  tb*  tfatM  sidM  of  tfat  aagnotic  oardot 

«.  CLR,  RSr,  2,  2nd,  OP,  17,  1,  mr,  2nd,  1KI1B»  Biter  8idt  1. 

b.  2l  Biter  Side  2. 

c.  If  Biter  8ida  3. 

BkBsi  The  nonben  whid4  are  ondarlined  mag  be  tqplaoed  by  awoea. 
Refer  to  operating  inatruction  aanual  if  dUficid.ty  oocura. 

3.  Dqpraaa  for  initialiaation  andt 

a.  State,  lone,  Geo^Grid. 

b.  GoMtanta,  Storage  Begistera. 

e.  matructiona  for  input  of  new  oonatanta  and/br  ooordinatea. 

4.  Output  includea  the  V  and  ^  valuea  and  the  Mpping  angle  (or 
oonvergonoe  angle)  for  uae  with  knoMA  aaiautea  at  the  atation. 

HWTPMht 

1.  Ibw  oonatanta,  U  through  U1  (See  attached  liatinga)  • 

2.  Latitudes  H  {*),  S(-). 

3.  Longitudes  ir(-^},  B(-). 


i  •  ■  •  •  .  ,  I *7-  y  I  •  T 


1.  OavutBtiem  an  parfcnirt  in  xattam. 

2.  tta  aqpwtlflm  uiid  act  fcoai  C  ft  OB  MUeatlon  C2-4  aa  aottf lad  ky 
T.  Vinoanly  foe  oaa  in  ■all  oftloolataca. 


2  2 

O  ■  (Wj,  -  ♦  +  B  sin  ♦  cos  ♦  (1  -  C  cos  ♦  (1  -  D  cos  ft)))/(A) 

where:  A  -  1.005104574 
VB  -  195.90275 
VC  ■  234.8457 
Vo  -  190.62 

e  -  o  (1  +  E  0*  (1  +  F  o  (6  0  -  1))) 

where:  E.  F,  and  G  are  from  C  ft  GS  Pub  62-4  values  of  Ls, 
Lio,  and  Ln  as  follows: 

2  11*®  .a  8 

E  *  Ls  c  10  F  ■  Lio  c  10  /L9  G  «  Lii  C  10  /Lio 

R  -  Rj,  +cm6  0  *  (A^  -  A)  sin  8^ 

X  ■  Xp  +  R  sin  e 

y-Ri-R  +  2R  sin*  (o  /  2) 


cn  4.5  Lftn  GEDD/GRID 


2000000.  09 

7080.  10 

14.38132943  11 

30649424.27  12 

2099537.853  13 

.5700119219  14 

6.041365233  15 

594.51692  16 

57.39339  17 

999.  18 

0.91  19 

EINEU  CONSTANTS  OR 

INPUT  LflTITUDEj  THEN 

LONGITUDE  DEG.  NINSEC 


34.  59365366 
16.  59540661 

2300000.010  -X 

545000.001  sY 

MAP  ANGLE 

0.  DEG 

34.  MIN 

15. 42531  SEC 


ANOTHER? 

INPUT  LATITUDE*  THEN 
LONGITUDE  DEG. MINSEC 


PBOmm  LTSTIKB 


000 

98 

fiDV 

050 

08 

8 

100 

03 

3 

150 

69 

OP 

001 

98 

flDV 

051 

05 

5 

101 

09 

9 

151 

03 

03 

002 

02 

2 

052 

03 

3 

102 

42 

STD 

152 

06 

6 

003 

52 

EE 

053 

42 

STD 

103 

17 

17 

153 

03 

3 

004 

06 

6 

054 

13 

13 

104 

09 

9 

154 

02 

2 

005 

22 

INV 

055 

93 

• 

105 

09 

9 

155 

02 

2 

006 

52 

EE 

056 

05 

5 

.106 

09 

9 

156 

03 

3 

007 

42 

STD 

057 

07 

7 

107 

42 

STD 

157 

05 

5 

008 

09 

09 

058 

00 

0 

108 

18 

18 

158 

02 

2 

009 

07 

7 

059 

00 

0 

109 

93 

• 

159 

04 

4 

010 

00 

0 

060 

01 

1 

no 

09 

9 

160 

01 

1 

Oil 

08 

8 

061 

01 

1 

111 

01 

1 

161 

06 

6 

012 

00 

0 

062 

09 

9 

112 

42 

STD 

162 

69 

DP 

013 

42 

STD 

063 

02 

2 

113 

19 

19 

163 

04 

04 

014 

10 

10 

064 

01 

1 

114 

22 

INV 

164 

69 

OP 

015 

01 

1 

065 

09 

9 

115 

58 

FIX 

165 

05 

05 

016 

04 

4 

066 

42 

STD 

116 

69 

DP 

166 

98 

RDV 

017 

93 

• 

067 

14 

14 

117 

00 

00 

167 

09 

9 

018 

03 

3 

068 

06 

6 

118 

01 

1 

168 

22 

INV 

019 

08 

8 

069 

93 

• 

119 

05 

5 

169 

90 

LST 

020 

01 

1 

07p 

00 

0 

120 

01 

1 

170 

98 

ADV 

021 

03 

3 

071 

04 

4 

121 

03 

3 

171 

01 

1 

022 

02 

2 

072 

01 

1 

122 

00 

0 

172 

07 

7 

023 

09 

9 

073 

03 

3 

123 

00 

0 

173 

06 

6 

024 

04 

4 

074 

06 

6 

124 

00 

0 

174 

02 

2 

025 

03 

3 

075 

05 

5 

125 

05 

5 

175 

03 

3 

026 

09 

9 

076 

02 

2 

126 

04 

4 

176 

01 

1 

027 

42 

STD 

077 

03 

3 

127 

00 

0 

177 

01 

1 

028 

11 

11 

078 

03 

3 

128 

69 

DP 

178 

07 

7 

029 

03 

3 

079 

08 

8 

129 

01 

01 

179 

04 

4 

030 

00 

0 

080 

09 

9 

130 

00 

0 

180 

03 

3 

031 

06 

6 

081 

42 

STD 

131 

06 

6 

181 

69 

DP 

032 

04 

4 

082 

15 

15 

132 

00 

0 

182 

01 

01 

033 

09 

9 

083 

05 

5 

133 

00 

0 

183 

01 

1 

034 

04 

4 

084 

09 

9 

134 

02 

2 

184 

05 

5 

035 

02 

2 

,085 

04 

4 

135 

07 

7 

185 

03 

3 

036 

04 

4 

086 

93 

■ 

136 

01 

1 

186 

02 

2 

037 

93 

• 

087 

05 

5 

137 

03 

3 

187 

03 

3 

038 

02 

2 

088 

01 

1 

138 

03 

3 

188 

01 

1 

039 

07 

7 

089 

06 

6 

139 

00 

0 

189 

03 

3 

040 

42 

STD 

090 

09 

9 

140 

69 

DP 

190 

06 

6 

041 

12 

12 

091 

02 

2 

141 

02 

02 

191 

69 

OP 

042 

02 

2 

092 

42 

STD 

142 

02 

2 

192 

02 

02 

043 

00 

0 

093 

16 

16 

143 

02 

2 

193 

03 

3 

044 

09 

9 

094 

05 

5 

144 

01 

1 

194 

07 

7 

045 

09 

9 

095 

07 

7 

145 

07 

7 

195 

01 

1 

046 

05 

5 

096 

93 

• 

146 

03 

3 

196 

03 

3 

047 

03 

3 

097 

03 

3 

147 

02 

2 

197 

03 

3 

048 

07 

7 

098 

09 

9 

148 

01 

1 

198 

01 

1 

049 

93 

• 

099 

03 

3 

149 

06 

6 

199 

03 

3 

r-s 


400 

00 

O'  450 

13 

13 

500 

06 

6 

550 

00 

0 

401 

00 

0  451 

95 

m 

501 

04 

4 

551 

55 

•f 

402 

05 

5  452 

42 

STD 

502 

04 

4 

552 

89 

403 

01 

1  453 

02 

02 

503 

05 

5 

553 

95 

B 

404 

00 

0  454 

65 

X 

504 

00 

0 

554 

22 

INV 

405 

04 

4  455 

43 

RCL 

505 

00 

0 

555 

88 

DHS 

406 

05 

5  456 

03 

03 

506 

69 

DP 

556 

42 

STD 

407 

07 

7  457 

38 

SIN 

507 

04 

04 

557 

03 

03 

408 

04 

4  458 

85 

+ 

508 

18 

C* 

558 

01 

1 

409 

95 

«  459 

43 

RCL 

509 

58 

FIX 

559 

06 

6 

410 

42 

STD  460 

09 

09 

510 

03 

03 

560 

01 

1 

411 

02 

02  461 

95 

S 

511 

98 

RDV 

561 

07 

7 

412 

19 

D*  462 

42 

STD 

!512 

69 

DP 

562 

02 

2 

413 

55 

>r  463 

04 

04 

513 

06 

06 

563 

02 

2 

414 

43 

RCL  464 

06 

6 

514 

22 

INV 

564 

69 

DP 

415 

18 

18  1' 

465 

04 

4 

515 

58 

FIX 

565 

04 

04 

416 

75 

466 

04 

4 

516 

69 

DP 

566 

43 

RCL 

417 

01 

1 

467 

04 

4 

517 

00 

00 

567 

03 

03 

418 

95 

B 

468 

00 

0 

518 

03 

3 

568 

59 

I  NT 

419 

65 

X 

469 

00 

0 

519 

00 

0 

569 

22 

INV 

420 

18 

C* 

470 

69 

DP 

520 

01 

1 

570 

44 

sun 

421 

19 

L* 

471 

04 

04 

521 

03 

3 

571 

03 

03 

422 

55 

A 

472 

43 

RCL 

522 

03 

3 

572 

98 

RDV 

423 

43 

RCL 

473 

04 

04 

523 

03 

3 

573 

69 

DP 

424 

17 

17 

474 

98 

flDV 

524 

00 

0 

574 

06 

06 

425 

85 

•f 

475 

58 

FIX 

525 

00 

0 

575 

03 

3 

426 

01 

1 

476 

03 

03 

526 

01 

1 

576 

00 

0 

427 

95 

s 

477 

69 

DP 

527 

03 

3 

577 

02 

2 

428 

65 

X 

478 

06 

06 

528 

69 

DP 

578 

04 

4 

429 

18 

C* 

479 

22 

INV 

529 

01 

01 

579 

03 

3 

430 

33 

X2 

480 

58 

FIX 

530 

03 

3 

580 

01 

1 

431 

19 

L* 

481 

43 

RCL 

531 

01 

1 

581 

69 

DP 

432 

19 

D* 

482 

03 

03 

.532 

02 

2 

582 

04 

04 

433 

55 

A 

483 

55 

❖ 

533 

02 

2 

583 

43 

RCL 

434 

43 

RCL 

484 

02 

2 

.534 

02 

2 

584 

03 

03 

435 

16 

16 

485 

95 

* 

535 

07 

7 

585 

19 

D* 

436 

85 

+ 

486 

38 

SIN 

536 

01 

1 

586 

19 

D* 

437 

01 

1  1 

487 

33 

X2 

537 

07 

7 

587 

95 

B 

438 

95 

m 

488 

65 

X 

538 

00 

0 

588 

42 

STD 

439 

65 

X 

<489 

18 

C* 

539 

00 

0 

589 

03 

03 

440 

18 

C* 

490 

65 

X 

540 

69 

DP 

590 

59 

I  NT 

441 

65 

X 

491 

02 

2 

541 

02 

02 

591 

22 

INV 

442 

43 

RCL 

492 

75 

- 

542 

98 

RBV 

592 

44 

sun 

443 

13 

13 

493 

18 

C 

543 

69 

DP 

593 

03 

03 

444 

19 

8* 

494 

85 

♦ 

544 

05 

05 

594 

69 

OP 

445 

85 

♦ 

495 

43 

RCL 

545 

43 

RCL 

595 

06 

06 

446 

43 

RCL 

496 

12 

12 

546 

03 

03 

596 

03 

3 

447 

11 

11 

497 

95 

m 

547 

65 

X 

597 

06 

6 

448 

65 

X 

498 

42 

STD 

548 

01 

1 

598 

01 

1 

449 

43 

RCL 

499 

02 

02 

549 

08 

8 

599 

07 

7 

P-7 


8 

8  ^ 
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P-12 


MIBD1X6 

nMCFCmMION  CP  8XME  RJilB  OOdDOBOBB  (LMBBff 
ncjECxioN)  n>  GBooenc  ajonmnns  (moB  MBticm  diodm  1927) 

Referanoe  W  5^237,  Suiv^lng  OoBputer'i  nmaal,  1964 
Bige  366,  Buragrafte  179/181. 

Ite  Laabert  Oonical  Oonfcnnal  type  of  projection  is  used  with  one  or 
two  standard  parallti.s  In  areas  octendino  nainly  In  an  east-west 
direction.  She  projection  provides  very  siaqple  fomulas  toe  the 
conversion  of  grid  to  geodetic  coordinates  using  the  included  constants. 
This  projection  is  used  for  nany  states  ty  the  National  Geodetic  survey 
(NGS)  for  the  state  plane  grid  q^stens  in  the  united  States, 
jsnsst 

1.  This  program  is  designed  to  be  used  with  the  n  Printer  (PO-lfl 
Series) . 

2.  The  listed  program  is  writtm  using  the  constants  necessary  to 
convert  state  plane  coordinates  (Laaibert  Projection,  California, 
lone  V)  to  geodetic  coordinates  (North  Maerican  Datimk  1927) . 

3.  Ihe  program  llstln^instructlons  can  be  modified  for  storage  on 
magnetic  cards  for  qpacific  states  or  the  constants  cm  be  input 
after  initialising  and  d^ressing  V.  See  tiia  attached  listing  of 
state/sae  constants  and  codas. 

imwMwewB. 

1.  Printer  W  and,  than,  Caioulatoe  MT. 

Q-1 


2.  Load  tba  tiitae  aidaa  of  tba  angnetlc  oacdai 

«.  OR,  Rsr,  2,  2na,  OP,  17,  1,  2iA,  WtXlSi  Btibar  8ida  1. 

b.  2t  Bnter  Side  2. 

c.  If  Bnter  Side  3. 

Bofcei  The  numbers  whldi  are  underlined  may  be  r^plaoed  fcy  aeroes. 
Refer  to  qperating  insturction  manual  if  difficulty  oocura. 

3.  Depress  f<Mc  initialisation  and: 

a.  State,  Zone,  Gri^Geod. 

b.  Constants,  Storage  Registers. 

c.  Instructions  for  input  of  nee  constants  anS/oe  oo(u:dinates. 

4.  Ott^ut  includes  the  latitude  and  longitude  values  and  the  magping 
angle  (or  convergence  angle)  for  use  with  known  asimuttm  at  the 

station. 

TKPCTP  DMmf 

1.  Raw  Constants,  II  throu^  III  (see  attached  listings) . 

2.  Grid  coordinate  ”x”,  in  feet. 

3.  Grid  coordinate  "y",  in  feet. 


1.  OoiviitatiaM  an  pacfoand  in  xadiaM. 

2.  lha  aqpntlona  oaad  an  frcai  C  t  CB  Pufalioation  €2^  aa  ■odlfiad  Iqr 
T.  Vinoanty  f<Nr  uaa  In  nail  caloilabon. 


0  *  arctan  (x  -  x^)/(Ri  -  y) 

A  •  -  (e/(»i»‘ft)) 

R  ■  (Ri  -  y)/cos  0 
6  *  (Ri  -  R^  -  y  +  2R  sin*  (0/2))/cm 
o  -  e(i  +  E  e*  (Fe  (i  +  H3)  -  D) 

Where:  E,  F,  and  H  are  from  C  &  GS  Pub  62-4  values  of  Lg, 
L|g,  abd  Lii  as  follows: 

E  »  Lg  C*  10"^*  F  -  Lio  Cl0“®/L9 
2  6 

H  -  Lg  (3  Lg  -  Lxi)  C  10*  /Ljo 
CO  *  WO  •  1.005104574  o 

2  2 

4  «  u  B*  sin  (d  cos  u  (1  4  C*  cos  u  (1  4  D*  cos  u)) 

Where:  ^/g.  «  196.90273 

Vf.  -  169.1567 

Vd*  •  121.64 


simniE  Wffls 


Cfl  4.5  LAM  GRID/GEOD 


2000000. 

09 

7080. 

10 

14.  38132943 

11 

30649424. 27 

12 

2099537. 853 

13 

.5700119219 

14 

6. 041365233 

15 

594.51692 

16 

57.  39339 

17 

999. 

18 

0,  91 

19 

EINEU  CONSTANTS 

OR 

INPUT  X  IN  FEET* 

THEN 

Y  IN  FEET 

2300000. 

545000. 

LATITUDE 

34. 

DEG 

59. 

MIN 

36.  53660 

SEC 

LONGITUDE 

116. 

DEG 

59. 

MIN 

54. 06612 

SEC 

NAP  ANGLE 

0. 

DEG 

34. 

MIN 

15.  42525 

SEC 

ANOTHER? 


INPUT  N  IN  FEET* THEN 
Y  IN  FEET 


000 

98 

ADV 

050 

08 

8 

001 

98 

ADV 

051 

05 

5 

002 

02 

2  1 

052 

03 

3 

003 

52 

053 

42 

STD 

004 

06 

6  ' 

054 

13 

13 

005 

22 

IHV 

055 

93 

■ 

006 

52 

EE 

056 

05 

5 

007 

42 

STD 

057 

07 

7 

008 

09 

09 

058 

00 

0 

009 

07 

7 

059 

00 

0 

010 

00 

0 

060 

01 

1 

on 

08 

8 

061 

01 

1 

012 

00 

0 

062 

09 

9 

013 

42 

STD 

063 

02 

2 

014 

10 

10 

064 

01 

1 

015 

01 

1 

065 

09 

9 

016 

04 

4 

066 

42 

STD 

017 

93 

• 

067 

14 

14 

018 

03 

3 

068 

06 

6 

019 

08 

8 

069 

93 

« 

020 

01 

1 

070 

00 

0 

021 

03 

3 

071 

04 

4 

022 

02 

2 

072 

01 

1 

023 

09 

9 

073 

03 

3 

024 

04 

4 

074 

06 

6 

025 

03 

3 

075 

05 

5 

026 

09 

9 

076 

02 

2 

027 

42 

STD 

077 

03 

3 

028 

11 

11 

078 

03 

3 

029 

03 

3 

079 

08 

8 

030 

00 

0 

080 

09 

9 

031 

06 

6 

081 

42 

STD 

032 

04 

4 

082 

15 

15 

033 

09 

9 

083 

05 

5 

034 

04 

4 

084 

09 

9 

035 

02 

2 

085 

04 

4 

036 

04 

4 

086 

93 

• 

037 

93 

• 

087 

05 

5 

038 

02 

2 

088 

01 

1 

039 

07 

7 

089 

06 

6 

040 

42 

STD 

■090 

09 

9 

041 

12 

12 

i091 

02 

2 

042 

02 

2 

092 

42 

STD 

043 

00 

0 

093 

16 

16 

044 

09 

9 

094 

05 

5 

045 

09 

9 

095 

07 

7 

046 

05 

5 

096 

93 

• 

047 

03 

3 

097 

03 

3 

048 

07 

7 

098 

09 

9 

049 

93 

• 

r-  —  - 

i099 

03 

3 

100 

03 

3 

150 

69 

DP 

101. 

09 

9 

151 

03 

03 

102 

42 

STD 

152 

06 

6 

103 

17 

17 

153 

03 

3 

104 

09 

9 

154 

02 

2 

105 

09 

9 

155 

02 

2 

106 

09 

9 

156 

01 

1 

107 

42 

STD 

157 

07 

7 

108 

18 

18 

158 

03 

3 

109 

93 

• 

159 

02 

2 

no 

09 

9 

160 

01 

1 

111 

01 

1 

161 

06 

6 

112 

42 

STD 

162 

69 

DP 

113 

19 

19 

163 

04 

04 

114 

22 

INV 

164 

69 

DP 

115 

58 

FIX 

165 

05 

05 

116 

69 

DP 

166 

98 

ADV 

117 

00 

00 

167 

09 

9 

118 

01 

1 

168 

22 

INV 

119 

05 

5 

169 

90 

LST 

120 

01 

1 

170 

98 

ADV 

121 

03 

3 

171 

01 

1 

122 

00 

0 

172 

07 

7 

123 

00 

0 

173 

06 

6 

124 

00 

0 

174 

02 

2 

125 

05 

5 

175 

03 

3 

126 

04 

4 

176 

01 

1 

127 

00 

0 

177 

Cl 

1 

128 

69 

DP 

178 

07 

7 

129 

01 

01 

179 

04 

4 

130 

00 

0 

180 

03 

3 

131 

06 

6 

181 

69 

DP 

132 

00 

0 

182 

01 

01 

133 

00 

0 

183 

01 

1 

134 

02 

2 

184 

05 

5 

135 

07 

7 

185 

03 

3 

136 

01 

1 

186 

02 

2 

137 

03 

3 

187 

03 

3 

138 

03 

3 

188 

01 

1 

|139 

00 

0 

189 

03 

3 

[140 

69 

DP 

190 

06 

6 

.141 

02 

02 

191 

69 

OP 

02  2 
02  2 
03  3 
05  5 
02  2 
04  4 
01  1 
06  6 


193  03  3 

194  07  7 

195  01  1 

196  Of  3 

197  m  3 

198  01  1 

199  03  3 


07  7 

01  1 
Of  3 
m  3 
01  1 


200 

201 

202 

203 

204 
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